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ydeOHbIC 3aBEICHHs PA3TMYHOTO MPOGUIIss U pa3lIudHbIX GopM 00ydeHUs (JTHEBHBIC,
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CBOICTBA aTOMHBIX SIJIEP 5.4. ®yHgaMeHTaIbHBIE

4.1. O6mrast xapakTeprucTHUKa B3aUMOJICHCTBUS U

aToMHOTO sijipa (466). B3auMonpeBparieHus yactuir (511).
4.2. DHeprus CBSI3M aTOMHBIX SIIEP. 5.5. IlonsiTue o Kiaccupukammm
Hedext maccsl (468). aneMeHTapHbIX yacTuil (516).

4.3. SAnepubie cuibl. KanenbHas 5.6. UcTuHHO 3eMeHTapHbIE
Mozenb siapa (470). gacTuisl (518).

4.4. EcrecTBeHHas OTJHEJI VII. JOITIOJIHEHU A 522
pagnoaKkTUBHOCTH (473). 1. EquHunel U pa3MepHOCTH

4.5. IlpaBuna cMEIICHHUS U ¢duzndeckux BeaudrH. CUCTEMBI
OCHOBHOI1 3aKOH paJiOaKTUBHOIO eAnHUL (PU3NYECKUX BETUYNH
pacrniana (474). (522).

4.6. Hexoropsie 2. OCHOBHEIE U JONOJHUTEILHEIE
AKCIIEPUMEHTAIBLHBIE METO/IbI eAMHULIBI MexXyHapoaJHON
M3y4YEHUS YaCTHI] U cucteMsl (524).

WOHU3UPYIOMUX u3ydeHui (478). 3. Enununel GU3n4YecKux BeTUINH
4.7. IloHsiTHEO BO3HUKHOBEHUH B MexaHuke (527).

00—, p— u y—usnyuenwuii (481). 4. Enununs! GU3N4ecKuX BEINYUH
4.8. Slnepubie peaxkiuu (484). B MOJIEKYJISIpHOU (U3UKE U

4.9. BzauMoaencTBUE HEUTPOHOB C TepmoauHamuke (536).

BenecTBoM (486). 5. EnvHHLIBI BEIMYUH B

4.10. UckyccTBeHHas anekTpoarnHaMuke (542).
paaroaKkTUBHOCTH (487). 6. ENMHHLIBI HEKOTOPBIX BEJINYMH B
4.11. [lenenue TSOKENbIX SAEp BOJIHOBBIX MPOLIECCAX U ONTHUKE
(488). (542).

4.12. llenHble siaepHbIE peakuuu 7. HexoTOpbIe €AMHULIBI B aTOMHOU
nenenus. SnepHelil peakrop (491). u sipepHoit gusuke (555).

8. Hekotopsie GpyHaamMeHTaATBHBIC



(dbuzmvyeckre KOHCTAHTHI (555).

9. CnnocoOs1 u3MepeHus
¢dbuzmdyeckux BenuduH (556).

10. ITorpentHocTH Npy U3MEPEHUHN
¢dbuzndeckux BenuduH (557).

11. O6paboTka pe3ynbTaToB
npsMbIX u3MepeHuu (560).

12. O6paboTka pe3ynbTaToB
KOCBEHHBIX U3MepeHuit (561).

13. IIpuGim>xeHHBIE BEIYUCICHUS
0€3 TOYHOI0 y4yeTa MOrpenrHocTei
(565).

[IpenmeTHbIil yka3zaTenb 568

MPEJIMETHBINA YKA3ATEJIb

Anponsl 516 u 1.

AKTUBHOCTb PaJIMOAKTUBHOTO
BerecTa 478

Axyctuka 322

Anbha—pacnan 474, 481

Awmnep, eauHuIa CUIIBI TOKa 526

Awmmuntyna konebanus 287

— cKopocTu 288

— yckopenus 289

AHanu3 peHTreHOCTPYKTYpHBIN 390

— CIIEKTpaibHbIN 385

Ananuzarop 376

AHHUTWIALNS TIapbl 2JICKTPOH —
mo3uTpoH 508

AntusemectBo 510

Antngactuie 508, 519

AnmnapaT npoeKkiuoHHbII 360

Atom 106

bapuonst 516, 517, 519

bera—pacnan 474, 475, 482, 483

beratpon 502

bo3onsl npomexxyrounsie 517, 518, 520

bomba aromnas 495

— BogopoaHas 501

Bakyym 237

Bart, equaniia momHocTH 533, 553

Bebep, enuHamIIa MATHUTHOTO MTOTOKA
552

Bexkrtop BonHOBOM 408

— nepemMeteHus 15

— cxatug 56

— yIJIuHeHusa 56

Bennuuna ¢pusnyeckas 6e3pazmepHas
524

Bennuunbl puszndeckue KBAHTOBAaHHBIC
426

— — OJITHOMMEHHEIE 524

— — OJHOpPOJHbIE 523

— — Tabau4uHbIe 561

Bec Tena 53

BemecTBa moBepXHOCTHO—AaKTHBHBIC
163

— CHUJIbHOMarHuTHeIC 277

— cirabomMarauTHele 277

B3aumoneiictBue rpaButaninonHoe 40,
511,520

— Mexmodiekysapraoe 110

— obmenHoe 462, 520

— cuipHOe 40, 511, 520

— cimaboe 40, 511, 520

— anektpoMarautHoe 40, 180, 511,
520

— anektpociabdoe 520

Bubparop I'epma 336, 337

Bnaxxnocts Bozmyxa 160

Bomna 315

— akyctuueckas 316

— Oerymas 328

Bosna ne bpoitst 419

— 3ByKoOBas 316



— HenoJsipu3oBaHHas 375

— 11ockas 316

— IJIOCKOMOJsApu30BanHas 375
— noniepeyHas 317

— mpoaoJbHas 317

— crosyas 328

— cepuueckas 316

— ynpyras 316

— nsnekTpoMarauTHas 330

— — MOHOXpomaTuueckas 332
Bossbl korepeHTHbie 326

— HEKOTepeHTHBIE 326

— cBeTtoBbie 330

BonabT, equania noreHnuana 544
Bpamenune paBHonepemernHoe 38
Bpewms xu3Hu nzorona cpennee 476
— penakcamuu cpeauee 115

— cBoOoHOTO TIpobera cpeanee 119
— cobctBennoe 400

— yCTaHOBJIEHUS TOKa 214
Breipoxaenue raza 434

Bricora Tona 323

BszkocTs 99

I'az noeanpHE 116

— DJIEKTPOHHBINA B MeTasuiax 168
I'azer 113

— pa3pexkeHHsie 116
IN'amma—mu3nyuyenue 473, 474, 483
I"apmonuku 323

I'enepaTop nammnossiii 314

— MarHUTOTUIPOAUHAMHUYECKHI 236
— ONTUYECKUN KBAaHTOBBIN 454
I'enpu, equHUIIa THIYKTUBHOCTH 552
I'epu1, enuauna yactotsl 530
I'urpockonuunocTh TEN 165
I'mapoaspomexanuka 93
I'moponokanusa 324, 325
I'unep3Byku 324

I'mnoreza Ammnepa 276

— Ilnanka 382

I'ncrepesuc maruutHsiil 281, 282
I'maz 360

I'mroonsr 520

I'paButon 516, 517, 520

I'panyc KenbBuna 536

— Henscns 536

I'panumna pororddexra kpacuas 412

I'pomkocTh 3ByKa 323

HaBnenne 94, 124, 125

— TuApocTaTudeckoe 96

— JIOIIOJHUTEIbHOE O] MEHUCKOM 164

— nostHOE 100

JaBnenne cBeta 415

— cratuueckoe 100

JBurarens BeuHbId BTOporo poaa 149

— — nepBoro poaa 142

— TeroBon 151

JBmwxenue 6poyHoBckoe 108

— BpamarenbHoe 14

— — HepaBHOMepHoe 36, 37

— — paBHOMEpHOE 36

— UHepuuanbHoe 38

— kosiebarenpHOE 286

— KpHUBOJIMHEWHOE 13

— Mexannueckoe 11

— HeUHepImagbHoe 39

— HepaBHOMepHOe 17

— 11ockoe 13

— mocTtynareiasHoe 14

— TnpsAMoJInHeitHoe 13

— paBHOMepHOE 17

— — npsamoyinHenHoe 21 u 1.

— paBHOIIEpEMEHHOE MPSIMOJIUHEIHOE
23 un.

— teroBoe 113

HetictBue, pusnyeckas pennunHa 382

— cBeTa xumuyeckoe 417

Henenue siapa 489, 490

Hemonynsiius 340

Herexrop 340

HedexT maccot 469

HedexTockonust peHTTeHOBcKas 389

— ynbTpa3BykoBas 325

Hedopmarus 168, 169

Jenuben, eqruHUIa HHTEHCUBHOCTH
3ByKa 553



JIxoynb, enuHuIA pabOThl U SHEPTUU
533,539

Jwnarpammbl TepMoauHamuyeckue 127

Jnamarunetuku 278

Huametp mosnekynsl 3¢ dextuBabiii 113

Juna 531, 534

Junnamuka 38 u 1.

— penstuBucTckas 403

JnHamomeTp npy>KUHHBIN 62

Jron monynpoBOJHUKOBBIN 249

— IpsIMOro Hakayia 238

— C JIOJIOTPEBHBIM KaToa0M 239

Huonrtpus 354

Jumonu 193

Hunons I'epua 337

— snektpuueckuid 110, 187, 336

Jucnepcust BOJTHBI AJIEKTPOMArHUTHOM
332

— cBera 377

Huccounanus smekTpoautrudeckas 229

Judpakius peHTTeHOBCKOTO
n3nydyenus 389

— cBera 370

Huddy3us 109
JW3IeKTpUK OJHOPOAHBIM U30TPOITHBIN

192
— mosipu3oBaHHbIN 194
Husnexktpuku 192, 212
Jnunaa BomHb 319
— — crosueit 329
— MIyTH onTuyeckas 367
— cBoOoHOTO TIpobOera cpeansis 119
— cBsI3U B MoJiekyie 460
— tena cobctBeHHas 399
JmutenbHOCTh MKy coObITUsIME 400
Jo3a nznyuenus *496, 497
Jomensnr 283
Hyra snextpuueckas 235
Ennuauna maccel atoMHasg 555
— ($U3UYECKON BETMYUHBI 522
— DHEPruu aTroMHas 555

Enquauel pusndeckux BETMYUH
a0COJTIOTHBIC AIEKTPOCTATHUECKHUE
542

— — — OCHOBHEBIE 522

— — — Ipou3BoOJHbIC 522, 523

Emkocts B3anmuas 206

— npoBoaHuKa 205

Kunxoctu 115

Kunxocts Ba3kas 89

— uaeainHas 99

— KanennbHasa 94

— HeBsA3Kasg 99

— Hecknmaemas 94

— HecMauuBaromas 163

— nieperpertas 156

— nepeoxyaxaeHHas 175

— cxumaemas 94

— CwmaumBaromnias 163

3akoHn ABorazapo 131

— Awmmnepa 254

— Apxumena 97

— boiing — Mapuotra 128

— B3aMMOCBSI3M Macchl U sHepruu 405

— BCEMUPHOTO TAroTeHus 51, 52

— T'eti—JIroccaka 128

— I'yka 56, 170

— Jlxoyns — Jlenma 228

— NWHAMHUKH BpaIaTeIbHOTO
NBIDKEHNUS OCHOBHOU 68

— Kupxroda mis remioBoro
n3nyyenus 380

— Kynona 177, 178

— Hprorona BTopoii 44 u 1.

— — nepBbIit 38

— — Tpetuii 46

— Oma 217, 218

— — 714 INIOTHOCTH TOKa B MeTajliax
219

— — — 1enu nepemMeHHoro Toka 311

— OCBEIIECHHOCTH OT TOYEYHOI'O
ncrounuka 307

— Ilackansa 94



— paZAMOaKTUBHOTIO paciaja OCHOBHOM
476

— CJIO’KEHUS CKOPOCTEH B MEXaHHUKE
Herotona 50

— — — penstuBucTCKui 403

— COOOMIAOIIMXCSI COCYI0B 97

— COXpaHEHHUS 3apsAa dIEKTPUIECKOr0
177

— — nmnyJibca 48

— — Maccel 42

— — MPOEKUUH uMIyJibca 48

— — DHEPruu MEXaHUYECKOUN 88

— — —noJyiHOM 91

— TepMOAUHaMUKH BTOpoit 149, 150

— — nepssiit 141, 142

— — tpetuit 150

— @apages 1S AIEKTPOIU3a BTOPOM
230

— — — — 00benuHeHHBIN 231

— — — — nepsboiit 230

— — JJIEKTPOMArHUTHON UHIYKIIUU
265

— Ilapasa 129

3aKkOHBI OTpaxeHus cBera 345

— TpenomiieHus cBeTu 345

— ¢otorpdekra BHemHETO 412

3ame/IeHre BpEMEHH PENSITUBUCTCKOE
401

3amenuTenb HEMTPOHOB 486

3anac npoyHoctu 171

3apsg npoTtoHa 555

— YacCTHULIbl yIEJIbHBIN 264

— nyeKTpuueckuid 176

— — «arpoOHbIi» 181

— — YacTHuIlbl dJieMeHTapHor 508

— — sneMeHTapHsIil 176. 231

— DJIeKTpoHa 555

— simpa atoma 466

3apsaael tHAYUHpoBaHHbIE 191

— CBSI3aHHBIE TOBEPXHOCTHHIE 194

3aTBepaeBanue 174

3amnuTa snekTpocrtaruueckas 191

3BYKH MYy3bIKaJbHbIC 322, 323

— cIpIuMEbIe 322

3epkaino chepuyeckoe 350

3HayeHue IEUCTBYIOLIEE HAMPSHKEHUS
311,312

— — cuuel Toka 311, 312

— — — anekTpoaBwxkymien 311, 312

3ona BomHOBas 335

3penue usetooe 361

N3nydenne BOJH JIEKTPOMArHUTHBIX
334

— BBIHYXJIeHHOE 455

— uHbpakpacHoe 385

— KocMH4eckoe 514

— paauoakTuBHOE 473

— pentreHoBckoe 386, 387

— TEIJI0BOE HepaBHOBECHOE 379

— — paBHOBECHOE 378

— ynbTpaduoneroBoe 386

N3mepenne BennuuHbl 556

N3o6pakenue HeratupHoe 417, 418

— oOpatHoe 352

— mpsimoe 352

— 1ouku 347, 348

N3otepma napa 157

N3otomsr 466

N3oTtponus xuakocreit 116

Nmnynec 43

— penstuBucTckuil 404

— cunbl 45

— ¢otona 408

— YaCTHUIILI JIOKAJIU30BaHHOMI 433

NuBapuaHTHOCTH pesiTUBUCTCKAs 398

Nunukarop paanoakTuBHbIN 495

NunyxktuBHOCTH 271

Nunykius nonst MarautHOTO 250

— anekTpocTaTuueckas 191

NueptHOCTh 42

HNuaTeHCcuBHOCTS B3aumoaercTeust 511,
512

— BoutHbI 321

— — BJIEKTpOMarHuTHou 334

— noHM3anuu 232

Nurtepdepentius Boan 327



— cBeTa 366

— — B TOHKHUX IJIeHKax 368, 369

Nudpaszsyku 322

Won BogopomononoOHsbIit 445

HNonwnzanusa rasos 231—234

Hownsr 229

Ucnapenue 154

Hcrounuk BonH 316

— U3JIy4eHHud TermioBoro 378

— CBETa TOYCYHKIN 356

NcTtouHuKY BOJIH KOTepEeHTHBIE 326

— — HekorepeHTHbIe 320

Kanopus 536

Kamepa Bunbscona 479

— my3bIpbKoBas 480

Kannema, equaunna cuisl ceera 357, 526

Kaonsr 506. 517

Kanunnsiper 164

Kaprtuna nnrepdepenninonnas 366

Katonomromuuecrienmnusa 383

KBaut nevicteust 382

— sHepruu 382

KBantoBanue npoctpancTBeHHOE 448

— ¢u3ndecKux BeIHIUH 426

KBapku 508, 519

KenwsBuH, equHuiia Temnepatypsl 525

Kenotpon 240

Kunorpamm, enrHuia maccel 525

Kunemaruka 11

— pensituBucTckas 403

Kunenune 155

Konebanue 286

— BBIHYXJIEHHOE 298

— rapMoHu4eckoe 287

— 3aryxaroniee 297

— noaHoe 287

Konebanus nepuoanueckue 286

— cBoOogukIe 287, 288

— — He3aryxatomue 288

— 3JIEKTPOMAarHUTHBIC BBIHY)K/ICHHBIC
307

— — cBoOOHEIE 303

KonnuectBo BemectBa 107

— TeroThl 138

Konpaencarop 207, 208

Koupnencamusa 154

Kontyp konebatenpubiii 303

— — 3aKpbIThIK 306

— — OTKpbITHIN 337

Konnenrtpanus Hocurenei Toka 213

Koopaunara yrinosas 30

Koaddunment 6e3omacuoctu 171

— BTOPUYHOM dMHCCUU 238

— JaBJICHUS TepMuYecKui 129

— 3aryxanus 297, 306

— KBa3UYNpyrou cuibl 56

— MomgocTH 312

— HATSDKEHUS TOBEPXHOCTHOTO
JKUIKOCTH 162

— MOJIE3HOTO JEHCTBUS IUKIa
Tepmudeckuii 147

— pa3MHOXXeHUs HEUTPOHOB 491

— pacmmpenus Juneitnoro 171, 172

— — o0wemMHoro 129, 172

— CONPOTHUBJICHUSI TEMIIEPATYPHBIH
220

— tpanchopmanuu 273

— TpeHus 58, 59

KpuBas HamarunueHHOCTH
TexHu4eckas 281

Kpucrammmzamusa 174

Kpucramnsr 114

— aToMHbIe 167

— UOHHBIE 167

— Metanyeckue 168

— MoJeKysipHbie 167

Kynon, eqununa 31eKTpuuecKkoro
3apsiaa 543

Kropu, enuamnna akTuBHOCTH 555

Jlazep 455

Jlamna queBHOrO cBeTa 383

— DJIeKTpoHHas 238

Jlenrronw! 516, 517, 519

JIunza 352

— pacceuBatomas 354

— cobupatomas 354



JIvHMM MarHUTHOM MHIYKIUH 263

— HaIpsKEHHOCTH
3JIEKTPOCTATUYECKOTO moJis 182

— ¢paynrodeponsr 385

JInnug nevicteus cuiinl 40

— crekTpanbHasa 384

— TOKAa KUIKOCTH 98

Jlyna 362

Jlya 316

— cBeTOBOM 343

JTroke 554

Jlromen 554

JIromuHecieHusg 383

Maruetuku 277

Masep 455

Makcumymsbl nudpakiuuonnsie 372, 373

Macca atomHast oTHOcuTeNbHas 537

— IpaBUTALIMOHHAA 42

— uHepTHas 42

— Kkputudeckas 492

— MOJIEKYJISIpHas OTHOCUTENbHAs 537

— mounsipHas 107, 537

— TIOKOSI HEUTpoHa 555

— — npoToHa 558

— — tena 404

— — 3JeKTpoHa 555

— Tena 42

— — pensituBuctckasa 404

— — coOcTtBenHas 404

Macc—cnekrporpad 264

Macc—cnektpometp 264

Marepuaiibl MarHuTHsie 283

MasTHuK MaTeMaTu4eckuii 292

— NPY>KUHHBIN 286

Me3zonsr 516, 517

Menuck 163

Merannel 168

Mertox Bunscona — CkoOenbIbiHa
479, 480

— BCTpeuHbIX y4koB 509, 512

— 3epkan Openenst 368

— MaiikenbcoHa 366

— MEYEHbIX aTOMOB 495

— paccesHus yactui 512

— Pémepa 364, 365

— craructudeckui 117

— TOJICTOCIONHBIX (poToamynbcuii 480

— ®uz3o 365

Mertp, enuauna JuHbI 525

Mexanuka 11

— xBaHTOBasg 419

— HBIOTOHOBCKas 11

Mukpockorn 363

Mognens atoma sanepHas 430

— siipa kanenbHas 472

Monayns ynpyroctu 170

— HOnra 170

Monynsiust BOJHBI 3JI€KTPOMAarHUTHOM
339

Monekyna 106, 107

— aToMmHas 461

— nonHasg 460

Monuszanus 229

Momns 525

MoMeHT aToMa MarHUTHBIN
opOuTaIbHBIN 276

— JUTIOJNS AeKTpudeckuii 188

— — — UHAYIUPOBaHHbINA 193

— uMIyJbca tena 69

— — ToukH 68, 69

— — JJIEKTpOHA COOCTBEHHBIN 276

MomeHT nHepuuu tena 67

— — TOYKH 67

— MarHUTHBIN KOHTYpa ¢ TOKoM 250

— — JJIEKTpOHA OpOUTATBHBIN 276

— mapsl cuia 72

— cuJiel 67

Monokpuctamisl 114

MomtHoCcTE 93

— BOJIHBI CpeaHss 322

— 1036l u3ydeHus 497

— u3Iy4yeHus cpennss 335

— cpennss 92, 93

— ToKa 228

— — nepemenHoro 311, 312

Miroon 506, 517



Hakauka ycunuparomeit cpenst 457

HamaranyenHocTh BemectBa 281

— ¢eppomMarseTuka HachIeHus 281

— — ocraroyHas 282

Hanop nunamuueckuii 100

— ckopoctHou 100

Hanpsixenue 216

— aHojgHOE nmuoxaa 238, 230

— 3anupanus Tpuoaa 241

— MexaHu4deckoe 169

— ceTo4Hoe Tpuoa 240

HanpspkenHocTs noss tarorenus 54, 55

— — anekTpudeckoro 181

— — — cTopoHHero 215

Hacoc temioBoii 153

HaTtskeHne moBepXHOCTHOE JKUJKOCTH
162

Hauano Tepmoannamuiku BTopoe 149,
150

— —nepBoe 141, 142

HesecomocTts 54

Heiitpuno mroonnoe 506, 516

— taoHHOE 506, 516

— anekTpoHHoe 488, 506, 516

Heiitpon 466, 486 u 1., 517

Hetitpororpadus 422

Hetitpons! 6sicTphie 486

— nexenus 400

— n30bITOYHBIE 489, 490

— MeniieHHble 486

HeomnpeneneHHOCTh UMITYSIbCA YAaCTHUIIBI
430

— KoopauHathl yacTuibl 430

HecmauuBanue naeansHoe 164

HeycroitunBocTth TsKENBIX siaep 488

Howmep aromunbiii 436

Hyxmun 537

Hyxionsr 466, 517

Hynb Temnepatypsl abcomroTHbIN 125

Hrroton, enuamia cuiier 531

OGepton 323

O0ost04ka AeKTpoHHast atoMa 451

OO6paTUMOCTh CIEKTPATBHBIX JTUHUN
385

— XO0/1a CBETOBBIX Jiyueit 345

O6nem mossipHbIi 107

— — WACAIBHOTO rasa Mnpu
HOPMAaJIbHBIX YCIOBHSX 555

— ynenbnbiid 107, 125

OnHOBpEMEHHOCTH COOBITHH 395

Owm, enrHUIIAa CONTPOTUBIICHUS 546

Omntuka 343

— BOJIHOBas 364

— reomeTpuyeckas 343

— xBaHToBasg 407

OmnpiT Munnukena 183

— CroneroBa 410

— Opcrena 250

Omneiter Pesepdopma 437

OpO6uta snexktpoHa 439, 446

OproBogopon 472

OcsemnieHHOCTS 357

OcumuIsITop rapMOHUYECKU I
JIMHEHHBIN 425

— — — KBaHTOBBIH 433

Ocb BpanieHus 14

— onTuyeckas 3epkaina 350

— — uH3EI 352

— — moBepxHocTH chepuyeckoi 350

OTtBepcTre 00bEKTHBA OTHOCHTEIIBHOE
359

Otpaxenue nuddysnoe 345

— 3epkanbHoe 345

— noaHoe 346

[Tanenune nanpsoxkeHus 216

— cBoOogHOE 26

ITap 154

— HACBIMAIOMNN (HACKIIECHHBIN) 155

— HEHACHIIAIOIMNKA (HEHACHITIICHHBIH )
157

— neperpeThiid 158

— TIepeCchIIEHHbIN 158

[Tapa cui 72

[TapaBonopon 472

«ITapanokc yacos» 402



[Tapamaruetuku 279

[TapameTtp nenenus sigpa 491

[TapameTpsl kpuTHyeckue 159

— COCTOSIHUSI OCHOBHBIE 124

— TepMoauHaMuyeckue 123

[TapooGpa3zoBanue 154

[Taptons! 513

[Tackanb, equHUIA TaBIECHUS U MOITYJIS
ynpyroctu 533

[Teperpyska 54

[Tepememenue 15

Ilepenoc Touku npuioxeHus: cuiibl 70

[Tepexon 351eKTPOHHO—ABIPOYHBIN 248

ITepumeTp cmauuBanus 163

[Tepuon Bpamenus 32, 35

— mudpakuoOHHOMN pemeTku 373

— konebanus 287

— — 3aTyXAaIOLIEro yCiIoBHbIN 297

— oOparmenus 32

— nonypacnana 477

— pemeTKH Kpuctammyeckoit 115

ITnonwr 505, 517

[InaBnenue 173

[1nazma 236

[1neyo nmapsi cuit 72

— cuJsl 66

[TnockocTh dokanpHas 3epkana 350

— — nuH3bI 353

[110THOCTD 3apsI0B MOBEPXHOCTHAS
187

— Tena 44

— — cpennsis 43

— ToKa cMmenrenus 331

— — cpenusis 213

— SHepruu o0beMHas BOJHBI CPEIHSAS
321

— — — T0JIsI MarHUTHOTO 274

— — — — aneKTpudeckoro 211

— — — — BJIEKTPOMarHuTHOro 274

[ToBepxHOCTH BOJTHOBAsA 316

— KUIKOCTH cBOOOHAsA 94

— SKBUNOTEHIMaIbHast 202

[TornomeHnne HEUTPOHOB PE3OHAHCHOE
486

— PEHTI€HOBCKUX M3JIy4eHuid 388

[Torpemnoctn uzmepenus 557—560

[Tozutpon 488, 508

[Tokazarens npenomiienus 344

— pa3MmepHocTH 523

[Tone rpaBuTanionHoe 54

— — cTaiuoHapHoe 52

— u3nydyeHus 334

— marguTHoe 249, 250

— — HEOJIHOpoAHOE 252

— — HecTanuoHapHoe 250

— — OJHOpPOJHOE 252

— — craroHapHoe 250

anektpudeckoe 181

— — UHAYUHUpPOBaHHOE 269

— — KyJIOHOBCKOE 214

— — HecTtauuoHapHoe 181

— — onHopoaHoe 182

— — noreHmansHoe 200

— — craruoHapHoe 181

— — cTtopoHHee 215

— snektpoMarautHoe 180, 181

— anekTpocrarnueckoe 181

[Tomukpuctamisl 114

[TonynpoBonuuku 212, 243

— N—rtuna 247

— p—rtuna 247

[Tomroc 3epkana 350

— cucrtembl koopauHat 30

[TonsipuzaTtop 376

[Monspuzanus nusnextpuka 194—196

— cBera 375

ITopor oca3anus 323

— capIUMOCTH 323

— ¢otorpdekra 412

[Topsimok OmmxHMiA 115

— nanpHuit 115

— mu¢PaKIUuOHHOTO MakcuMyMa 372

— — MUHUMYMa 372

[Tocrosunas ABoraapo 107, 555

— bompnimana 121, 555




— ra3oBas yjenpHas 132

— — yHuBepcanbHas 132, 555

— IrpaBUTalIMOHHAA 52, 555

— Kropu 278

— Jlommunara 132

— MmarguTHas 542

— Ilmanka 382. 555

— paanoakTHUBHOIO pacnazaa 476

— Punbepra mansa Bogopona 440, 555

— @apages 231, 555

— nyeKTpuueckas 542

IToctynar bopa BTopoii 443

— — nepBbIit 442

[ToTeHIMa MOJIS AMEKTPOCTATUUECKOTO
199, 200

[Torenumometp 225, 228

ITotok xuakoctu 98

— WHJYKIIMM MarHuTHOM 253

— camouHaykiuu 270

— cBeTOBOM 356

[TpaBuno OypaBuuka 251, 256

— Kupxroda Bropoe 222

— — nepBoe 222

— JeBoM pyku 254, 255

— Jlenna 266

— MHOroyroyibHuka 15, 42, 70

— MOMEHTOB 74

— napasuienorpamma 15, 70

— TpaBou pyku 267, 268

— ygacTtoT bopa 442

[Ipenen nponopuuonaisHocTu 170

— npounoctu 170, 171

— tekyuectu 170

[Ipenen ynpyroctu 170

[IpeobpazoBanue ["anmies 49

— xoopauHar ["amunes 50

[IpeobpazoBanus Jlopenna 398

[TpubGop onrrueckuit 358

[Tpuniumn INoitrenca 370

— — — Openens 371

— MUHUMYyMa MOTCHIIMAIIBHOW SHEPT U
79

— HE3aBUCHUMOCTH JeHUCTBUS cui 45

— OTHOCHUTEIBHOCTH B CHIELIMATILHOM
TEOPUU OTHOCUTEIIBHOCTH 392

— — MexaHuyeckui 51

— [aymnu 450

— IMOCTOSIHCTBA CKOpPOCTH cBeTa 393

— Cynepno3ulu BoJjH 326

— — BIEKTPUYECKHX moJieit 182

[Tpo0Goii raza anekTpudeckuit 233

— ausnektpuka 192

[IpoBoguMOCTb, BeTnunHa 223

— MOHHas 228

— OJIHOCTOPOHHSIS Auoaa 240

— TMOJIYNIPOBOJHUKA NTpUMecHas 246

— — npIpouHas 247

— — MpUMECHAas dJIEKTpOHHas 247

— — coOcTBeHHas aApIpouHas 248

— — — 3JIeKTpOHHas 244

AJeKTpUYecKas yaenbHas 217

— —, sBieHune 212

[IpoBoguuku 190, 212

— BTOpOTO poaa 229

— mepBoro pozaa 229

[TpoHunaeMocTh AUAIEKTpUUECKast
oTHOcuTenbHas 179

— MarHuTHasi OTHOCUTeNbHas 256

[Tporton 176. 466, 505, 517

[Tpoduns XKykoBCKOTO KpblTa camojeTa
104, 105

[Iponiecc annabaTuyeckuii 131

— u3o00apuueckuit 128

— uzorepmMudeckuii 128

— u3oxopuyeckui 128

— KBazucraTudeckuu 126, 127

— KoMmneHcupytomuii 150

— KpyroBoii 146

— oOpaTtumsrii 145

— paBHOBeCHbIN 126, 127

— TepMOAUHaMHYeCKuil 126

— — HeoOpaTuMbIil 146

— — oOpaTtumsrii 145

[Ipouynocts 170

ITyTe 15

[TyunocTh cTostueit BoaHbI 329




ITy4ok sydeit romorieHTpuyeckuit 347

— — nmapakcuasbHbIN 350

— DJIEKTPOHHBIN 241

PaGoTa Beixoma snexktpona 237

— noHM3anuu 232

— cusl 81

— — TpeHus 84

— — TATOTEHHA &3

— — TsbxecTu 83, 84

— — ynpyroctu 84

— — sneMeHTapHas 80

PaBuoBecue 70, 76 u 1.

Panuan, equHuiia miockoro yriaa 526

PagnoakTuBHOCTE ecTecTBeHHAad 473

— ucKyccTBeHHas 487

— He#TpoHa cBoOo1HOTO 183

PannoBomna 330. 338 Paguonoxkaims
341

Pannonepenarunk 339

Papnonpuemunk 339

Pannyc 60poBCcKoit OpOUTHI TTEpBOI
444, 555

— neuctBus AnepHbix cui 470

PasmargnunBanue nuamMargeTuka 279

Pa3mepHOCTh Ppu3HUeCKOil BETUUHNHBI
523

Pazmepsnr aTtoma 108

Pazmuoxenue HeutpoHoB 490

Pa3nocts nmotenmuanos 200 u 1.

— X0J1a BOJIH reoMeTpuueckas 327

— — — onTHndeckas 367

Pa3zpsin razossrii 231, 233—235

Paccrositnue Havny4iiero 3peHust 362

— ¢oxycHoe 3epkana 350

— — mH3bI 353

Pactsixenne onnocroponnee 170

Pacmmmpenue termosoe 171

Peaxrtop sinepubiii 492 u 1., 515

Peakuus nenenus siaep uenHas 491

— TepMmosiaepHas 498

— ¢oroxumuueckas 417

— sinepHas 484

Pexxum peaktopa kputuueckuit 493

Pe3onanc 301

— B LIeNH nepeMeHHoro Toka 312, 313

HanpspkeHuid 313

— TOKOB 314

Pe3onancer 506

Pezonarop 337

PexombOunarus (monuzarus) 229, 232

Pentren, equHUIA 10361 U3TYICHHS
3KCHO3UIINOHHOMI 497

Pemerka nudpakmuonnas 373

— Kpuctayuueckas 114

Psn pannoaktuBHBIM 475

CBeT I0CKONoJISIpU30BaHHbIN 375

CaeTocuiia 00beKkTHBa 359

CBs13b KoBaJieHTHas 244, 461

— MeTtamandeckas 168

— obparnas 302

— xuMmudeckas 458

— DHEPTUHU U UMITYJIbCA
penaruBuctckas 407

Cerneroanektpuku 196

CekyHJa, equHHAIA BpeMEeHH 525

Cepus criekTpaibHbIX JUHUN 440

Certka Tpuojna ynpasJsitornias 240

Csxatue ogHoctoponsee 170

Cxmxenue razos 159

Cuia 40

— Awmmnepa 254

— apxumenona 97

— Bo3Bpamjaromas 291

— BbIHYXAatomas 298

— u3nny4yeHus 356

— KO?pUHUTHUBHAS 282

— KyJIOHOBCKast 178

— Jlopenna 260

— — 00001menHas 262

— onTHYecKas JIMH3bI 354

— noaseMuasa 104

— paBHozelcTByromas 41, 70

— peakiuu HOpMaJbHOU 58

— cBeTa 356

— — cdepuyeckas cpeassis 357

—Toka 212, 213




— Tpenus 41, 57

— —mnokost 57

— — — npeaenbHasg 58

— Tarotenusa 41, 51

Cuna Tsixectu 53

— ynpyroctu 41, 55, 169

— ypaBHoBemuBaromas 70

— LEHTPOCTpEeMHUTENbHAsA 46

— anekTpoaBwxKymas 216

— — B3aMMHOM MHAYKIUU 272

— — camouHayKuuu 270

Cunbl BHemHuE 41

— BHyTpeHHue 41

— uHepuuu 63

— HeNmoTeHIMaIbHEIe 59, 84

— moTeHIuabHbIe 52, 57, 83

— peakiuu cBszeit 71

— cTopoHHuE 215

— UEHTpalbHbIe 52, 178

— sinepHbie 470

CumMmeHc, eTuHUIA
3JIEKTPONPOBOTHOCTH 546

Cunxponu3zanus yacoB 396

Cunxpodazorpon 504

Cuctema aBTokosnebarensHas 301

— equHUI 522

— — abComIoTHAs 3JIEKTpOCTaTHIYeCKas
542

— 3amkHyTas 41

— u3nyyvatomas 334

— KoopauHart nojsipHas 30

— — NpsSMOYroJibHas aekapTona 11

— otcuera 12

— — rejauoueHTpuydeckas 39

— — reoueHrpuyueckas 39

— — HUHepIuManbHas 38

— — HeuHepuuaibHas 39

— cuJ ypaBHoBenieHHas 70

— TeJ KOHCepBaTUBHAas 85

— — HEKOHCepBaTUBHas 85

— 3JIEMEHTOB NIEPUOANYECKAS
Meunneneena 452

Cxopocts 17

— koHAeHcamuu 154, 155

— KocMHu4YecKkas Bropas 92

— — nepBas 55

— nuHenHasg 30

——— MTHOBeHHas 17

— okpyxHas 30

— mapoobpazoBanus 154

— pacrnpocTpaHeHust BOJH 318

— peakiuu uemnHoi 492

— cBeTa a Bakyyme 396, 555

— cpennsisa 16

— — apudmerndeckas 118

— — kBazgparuyHas 118

— — ckamsipHas 17, 18

— yrioBas MrHOBeHHas 31

— ¢azosas 318, 331

CrnoxeHue KoneOaHnii rapMOHUYECKUX
295

CJ10#i )KMAKOCTH MOBEPXHOCTHBIN 94

— — norpannunbii 102, 103

— DJIEKTPUYECKUI 3anuparoniuii 248

— DJIEKTPOHHBIN B aTome 451

CwmaunBanue 163

CoOriTHE 396

CoennHenne KoHAeHCaTOpoB 208

— MPOBOJAHUKOB 222, 223

CokpanieHue IJIMHbI JOpeHIeBo 399

Conenoun 258

COOTHOILIEHUE HEONTPEAEIEHHOCTEN
['eitzen6epra 430

ConpoTHuBJIEHHUE TIENMU IEPEMEHHOTO
TOoKa eMKkocTHoe 310

————— uHAyKkTuBHOE 309

— — — —momxHoe 311

ConpoTuBieHue deKTprudeckoe 216,
217

— — yaenbHoe 217, 220

CocTtostHue aroMa BoJIopoia
SHEPTreTHYECKOe BO30OYKICHHOE
445

— — — — OocHOBHOE¢ 445

— KBaHTOBOE cTarmoHapHoe 428, 450

— kpurudeckoe 159



— MexaHmdeckoe 43

— paBHOBecHoOe 124

— cpeabl tHBEpCHOE 456

— TepMoauHaMmu4eckoe 123

— siipa SHEPTETUYECKOE BO3OYKICHHOE
469

— — — ocHOBHOE¢ 469

CnekTp nucnepcuoHHbii 377

— nmudpakuoHHbIN 374

— ucnyckanus 384

— — aroma Bojaopoaa 440

— Macc 264

— MoseKkynbl 463—465

— norJiomeHus 384

— PEHTIE€HOBCKHUI CIUIOMIHON 386

CnuH snekTpona 276

CnocoO6HOCTH T1a3a pasperaromas 362

— Teja Jy4deucnyckarenabHas 379

— — morJiontarenpHas 379

Cpena aktuBHas 456

— ONTUYECKU OAHOpoHas 343

— cruromrHasg 93

— ynpyras 315

CponactBo 35ekTpoHHOE 461

CrabunbHOCTS sizipa atoma 473

Craruxka 70

Creneun nucconuanuy 229

— noHM3anuu 236

CrepaauaH, eqMHUIIA TEIECHOTO yTiia
526

CrosikHOBEeHUE Heynpyroe 91

— ymnpyroe 88

Cyommmartust 175

Cuetunk ['efirepa 478, 479

— CHMHTWUIALMOHHEINA 478

Taon 506. 517

Tekyuectb xxuakocten 93, 116

Tena tBepapie 114

Tenesunenune 338, 340

Teneckomn 364

Teno abcomoTHO TBepa0€E 12

— — uepHoe 379

—orcuera 11, 38

— pabouee 142

— cBoOogHOE 38

— TepMoMeTpuyeckoe 125

Tem6p 323

Temmneparypa BbipoxkaeHUs ra3za 434

— xunenus 156

— Kpuctayumzauuu 174

— Kputuueckas 159

— Kropu 283

— muaBnenus 174

— TepMoAuHaMu4eckas 125

Teopema Kapno 148

— 0 KHHETUYECKOU 2HEprun 86

Teopus 6muskoaeicTeust 181

— nanpHOIencTBus 181

— MOJIEKyIsipHO—KuHeTrn4eckas 106

— OTHOCHUTEILHOCTH crermanbHas 392
U 1.

— CTpoeHus aroma 6opoBckas 442 u 1.

Tenmoemkocts 140

TemmoeMkocTs MoJsipHas 140

— ynenbHas 140

Tennooomen 138

Tenmota 138

— ucnapenus yaenbHas 175

— KpUCTaJUIM3alu ynenbHas 174

— mapooOpa3zoBaHus yaenpHas 157

— TUJIaBJICHUS ynenbHas 174

Tepmoaunamuka 123

TepMm cniekTpanbubiii 440

Tecna, enuHUIIa THAYKIUHA MAarHUTHOTO
nosst 551

Teuenue )XUAKOCTH JTaMHHApHOE 98

Toxk anomae nuona 240

— WHIYKIIMOHHBIN 265

— KBa3UCTallMOHApHBIN 338

— KOHBEKIIMOHHEII 212

— MOJIEKYJISIpHBIN 276

— niepeMeHHbIi 307

— MOCTOSIHHBIN 213

— mpoBoguMOcCTH 212

— TEPMORJIEKTPOHHBIN 237

— DJIEKTPUYECKU B Bakyyme 237



— DJIEKTPOHHBINA B aTome 275

Toxu ®yko 270

Ton 323

Touka kunenus 166

— Kkputudeckas 159

— Kropu 283

— MarepuasibHas 12

— nuaByieHus 174

— pocsl 160

Touku n300pakeHnit paspemeHnbie 362

TpaekTopus 12

Tpancdopmarop 273

Tpenue BHemHee 57

— BHYyTpeHHee 57, 99

Tpy6a 3putenpHas Kemepa 364

Tpy6xa [Tuto 101

— Iluto — IMpanaras 101

— pEeHTreHOBCKas 388

— TOKAa XKUIKOCTH 98

— DJIIEKTPOHHO—ITy4eBas 242

VYBenuyenue nuHeitHoe 3epkana 351,
352

— — nuH3bI 354

— obbeMa oTHOcHUTeNbHOE 172

— yrioBoe 363

VYron mudpakmuu 372

— 3peHus 362

— KpaeBoit 163

— oTpaxkeHus 345

— — MOJIHOTO MpeaesibHbIN 346

— nagenus 345

— noBopoTa 31

— npenomiieHus 345

VYnap 88

— abcomoTHO Heynpyruit 91

— — ynpyrui 88

— UEHTpaJbHbINA 88, 89

VY mHenue otHocuTeabHoEe 172

V3en BoaHkbI crostueit 329

— LEMH JIEKTpUyecKoit 221

V351b1 peneTku Kpuctamummaeckon 115

Vaetpassyku 324

Ynpyrocts 168

— ra3oB o0bemHasg 315

— ¢opmsbr 315

Vpasuenue bepnymnu 100

— BOJIHEI T10cKOoM 320

— — — cTrosgueii 328

— — chepudeckoit 322

VYpaBHEHHE KHHETUYECKOW TEOPUHU
ra3oB ocHoBHOe 120

— MenneneeBa — Knanelipona 132

— HepaspbiBHOCTH 100

— cocTosHMA 126

— — uaeajJbpbHoro rasa 132

— DHHIITEHA OIS BHEIIHETO
dbotorddexra 412

YpaBHEHUS ABUKEHHS TOUKHU 13

YpoBeHb HHTEHCUBHOCTH 3BYyKa 323

YpoBHU dHEPTreTUYECKHUE OCIUIUISATOPA
427

— DHEPI'uU AIEKTPOHHbIC 428

Yckopenue 20

— KkacarensHOE 20

— HopMasbHOE 20

— cBOOOHOrO NageHus 26, 63

— cpennee 19

— TaHreHnuansgoe 20

— yrioBoe 37

— — cpenHee 36

— 1eHTpocTpeMurtenbHoe 30

VYcekopurenu yactun 501 u a., 515

VYcranoBska xomoquibHasg 152

®daza xkonebdanusa 287

®apaj, eauHUIIA EMKOCTH 545

®eppomarneruxu 280

®dokyc 3epkana riaBHbii 350

— JIMH3BI TIIaBHBIN 352

— — 1o0O0YHBIH 353

®dopwmyna baiemepa — Punbepra 440

— ne bpoiins 419

— 3epkaia chepudeckoro 351

— JIMH3BI TOHKOH 353

— Tomcona 306

— Toppuuennu 101

®otoanmnapar 358, 359



®dotorpadus 417

dortononnszamusa 410

doromromuHeceHusa 383

®dotomerpusa 356

®oton 408 u 1., 505, 516, 517, 620

®oTtonpoBoaAUMOCTh 414

— TMOJYNPOBOJHUKA 245

®otoTok 411

dortonnement 413 u 1.

dotorpdexr 410

— siiepHbId 485

®poHT BOIHEI 316

XapakTepucTUKa BOJIbTaMIIEpHAs
ra3oBoro paspsana 233

— — quona 239

— ceTo4Has Tpuoja ctatuueckas 240

XeMmuroMmuHecieHusg 383

XpoHOMETpH3AIUS CHCTEMa OTCUYETa
396

Ientp naBnenus 97

— 3epkaya ontuyeckui 350

— uHepuuu 42

— JIMH3BI ONITHYECKUM 352

— Macc 42

— TsKeCTH 53

[lens Toka nepemennoro 308—310

— anekTpuueckas 221

Hukn 146

— Kapno 147

— oOpatHbIit 147

— npsimMon 146

[ukn yrinepoaHo—a3oTHbIA 499

[HuxnoTtpon 262, 503

Hupkynsamus ckopoctu 104

Iyr BosHOBOI#1 428

YacTtuua pensituBucrckas 404

— ynpTpapenstuBuctckas 404

YacTuibl MICTUHHO 3JieMeHTapHbIe 519

— cyobsaepHbie 519

— snemeHTapubie 106, 604, 519

— — HCTUHHO HeWTpasibHbIe 509

— — ocHOBHBbIE 505

— — cTpanHbie 506

Yacrora BoaHBI 332

— Bpauenus 32, 35

— koJjie6aHmit Tena coocrBenHas 330

— Kpyroasi KojaeOaHuit
nepuoauyeckux 287

— oOparmenus 32

— IUKInYecKas KoiaeOaHui
3aTyxaromnmux 297

— — — nepuoauyeckux 237

— — — cBOOOIHEIX 291

— — — 3JIEKTPOMarHuTHbIX 306

— — pe3onancHas 301, 313

Yackl, aBToKoJIeOaTeabpHasa cuctema 302

Yucno BomHoBoe 320

— KBaHTOBOE r1aBHoe 428, 440, 445

— — Mar"auTHoe 449

— — opOuTtansHOe 447

— MaccoBoe spa 466

— CIMHOBOE MarHuTHOE 449

— CTOJIKHOBEHUM cpennee 119

UyscTBHUTENBHOCTH (poTOKaTOMa 237

[[lnpuHa cieKTpaaIbHON JTUHUHU
ectecTBeHHas 429

[[Ixana Temmepatyp MeXIyHapOIHAS
npaktuyeckas 125, 536

— — TepMouHamuyeckas 125, 148,
536

— — sMnupuyeckas 125

— DJIIEKTPOMArHUTHBIX BoJH 390

[Ixryp nna3zmenssiid 501

[Iymsr 322

OKBUBAJICHT BEIIICCTBA
aneKkTpoxumuyeckuit 230

— paboTsI TeroBoi 139

— peHTrena ouonornueckuii 497, 498

— TEIIOThI MexaHudeckuii 139

OnektpoauHamuka 180

DJIEKTPOEMKOCTh B3auMHas 206

— npoBoaHuKa 205

Onexktponus 229

DJEKTPOIUTHI 228

DJIeKTPOTIOMUHECTIEHITUA 383

DJeKTpoMarHur 259



Onektpon 176, 505, 517

— panenutHeid 107, 452

— onTuueckuit 452

OneKTpOH—BOJIBT 542

OnextpoHorpadus 422

DNEeKTPOHBI KOJUICKTUBU3UPOBAHHBIC
168, 190

DJIIeKTPONPOBOIHOCTD, BEITUUYHHA 223

— ynenbHas 217

—, saBjeHue 212

OnekTpocratuka 176

OMuccus TepMOIEKTpoHHast 237

— ¢oToanexkrponHas 237

— 3JIEKTpPOHHAas BTopuyHast 238

Omuttep 237

Ouneprus 85

— aKTUBaIMu jaenenHus siapa 490

— — CcOOCTBEHHOI MPOBOJIUMOCTH
MOJIyTIPOBOIHUKA 244

— BHYyTpeHHs4 91, 134

— NHUCCOLHUAINH MOJIEKYIbI 460

— KHHeTh4Yeckas 85

— — MoJIeKYIbI cpeanss 121

— MexaHudeckas 85

— ocuwusiTopa Hynesast 427, 433 u 1.

— TIOBEPXHOCTHAs KUJIKOCTH 162

— nokos Tena 405

— TIOJIsI MarHuTHOTO 274

— — anekTpuueckoro 210

— IoTeHIHAJILHA 86

— — B3aUMOJICUCTBUS 3aps10B 198,
199

— — — Moutekyn 112

— peakiuu siaepHoit 484

— CBsI3M MoJIeKynbl 460

— — HyKJIOHa 468

— — siapa 468, 469

— cOOCTBEHHas 3apSKEHHOTO
npoBoaHuka 210

— Tena cooctBenHas 405

— Toka 273

— ¢otona 408

— YaCTHUIIBI JIOKAITM30BaHHOM 433

— sigepHas 494

Dmuanackor 360

Opr 533, 535

Oranon 522

— MacckI 59, 522

O¢ddext Marnyca 104

— TbE30JIeKTpUIecKuid 324

— TyHHEJbHBIN 481

SBneHue B3aMMHON UHAYKIIHH 272

— MarHUTOCTPUKINU 324

— camouHayKiuu 270

— cBepxnpoBoaumoctu 220, 221

— 3JIEKTPOMArHUTHON UHAYKIINHU 265

SABnenus kKamuisspHbie 165

SAnpa 3epkanbubie 471

SAnpo aromHoe 466

— cocTaBHoOe 485
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1.1, Mexaunuueckoe asmxenue (11). 1.2. Bextop nepemeute-
wug. [Tyts (15). 1.3. Ckopocts (16). 1.4. Yckopenue (19).
1.5. PaBHomepHoe npaMonnueitnoe ABMikenue (21). 1.6. Pap-
HonepeMeHHoe npsAMofuHeiiHoe asmkenue (23). 1.7. Cso-
Gonnoe majenHe tea (26). 1.8. JIBuienue tesa, GpOUICHHOrO
BepTHKa/AbHO BBepx (27). 1.9. PaBuomepHOe ABHKeHHe TOY-
kyu no oxpyxuoctu (30). 1.10. [IBuxkenue tena, 6poiieHHoro
noA yraoM K ropusonty (32). 1.11. Bpamwarensnoe aBHKe-
?31459, a6CoONMIOTHO TBEPLOrO Tela BOKPYI HEMNOABHXKHOH OCH
).

I'zrasa 2. lnnamnka uKeHud MATepHaAbHOM TOUKM . . . ,
2.1. IMepsuiit 3akon Hoiorona (38). 2.2. Cuxa (40). 2.3. Mac-
ca u umnyasc. [laoruocts (42). 2.4. Bropoit 3akon Hewortona
(44). 2.5. Tperuit saxow Hpiotona (46). 2.6. 3axox co-
Xpaueuusa umnynnsca (47). 2.7. MexaHUYecKHN NpPUHUHAR
oTHocHTedbHocTH Tanuies — Howorona (49). 2.8. Cuam
tarotesust (51}, 2.9. Cuasr ynopyroctu (55). 2.10. Cuaut
rpenus (67). 2.11. Cnoco6s usmepenus Mmacc u cuia (59).
2.12. Hewnnepumanoupie cucreMst orcuyera (63).

I'rasa 3. dnemeHTH JNMHAMHKH BPAUIATEABHOTO ABHIKEHHS
46COMGTHO TBEPAOro TeJNa OTHOCHTENLHO HENOXBHIKHOM OCH

3.1. MomenTt cunnt ¥4 mMoMent wunepuuu (66). 3.2. OcHoBHOM
SaKOH JAMHAMHKH BpaiaTeJbHOro ABHKenus (68).

F'racsa 4. Cratika . . . o v o v v s s v o v ¢ o b 2 o &
4.1. CrroxeHHe H pasjiomeHUe CHJI, NPHIONEHHBIX K Mare-
puanbHOl Touke M K abcosoTHO TBeppoMy Tteay ( 70).
4.2, YcnOBHA DaBHOBECHA MaTepHaJbHOH TOYKH M aGCONMIOT-
HO TBepIOTO TeMa B HMHepuuajdbHON cucteme orcuera (73).
4.3. Buget paBuoBecus (76).

I'aasa 5. PaGora n MexaHM4eCKad OHEPIHA . . o + + o 4 o
5.1. Pa6ora cusbl npu ABHIKeHHH MaTepHaAbHOH TOYKH H HO-
CTYMaTeNbHOM JIBHXeHHH aGcoNIOTHO TBepRoro Tena (80).
5.2. TloTeHuuaNpHble H HenmoTeHUHadbHHe cHabl. KoHcepsa-
THBHEIE M HEKOHcepBaTHBHHe cucTeMsl Tex (83). 5.3. Mexa-
HHyeckas 3Heprus (85). 5.4. 3aKoH coxpaHeHus MeXaHude-
cKoit sxepruu (88). 5.5. Mowgrocrs (92).

[I=Ri=Rle]
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IF'2a6a 6. 3aeMeHTH THAPOASPOMEXAHHEM . . 4+ 5 + » » ¢

6.1. Mexannueckue cBoiicTBa xuakocrei u rasos (93). 6.2.
Tnapoaspocratura (94). 6.3. JIBuxKenue XHAKOCTEH K rasos
(98). 6.4, JlpnxenHe TBepAHX TeJd B XKHAKOCTAX H Trasax
(102).

OT O EJ 1. MCOEKYJIAPHASL ®H3NKA H OCHOBbLI
TEPMOAHHAMHKH

I 2a6a 1. OcHOBB MONEKYASIPHO-KHHETHYECKOH Teopuu . . .

1.1. OcnoBHue nousiTHa 1 onpefeaennus (106). 1.2. Bpoynos-
ckoe asuxenue (108). 1.3, Auddysus (109). 1.4. Cuaw Bsan-
MonelicTBUSA Mexay MoaeryaaMu (110). 1.5, Ilorennunaabuas
sHeprHs B3auMoeficTBHA ABYX MoJgekya (I111). 1.6, Crpoe-
HHE rasoco6pasHuIX, TBepAnX H KuIKHX Tes1 (113).

I'2rasa 2. MonexynsspHo-KMHETHYeCKasi TeopHs HAeanbHbIX
raaon......g,...........-..

Wpeanvupit ras (116). 2.2, CropocTy MOJEKYJ rasoB
(117) 2.3. Cpennast JaHHa cBOGOJHOrO npo6era MoJexyJbi
(119). 2.4. OcHoBHOe ypaBHeHHMe KMHEeTHUeCKOH TeOpHM ra-
sop (120).

F'z2a6a 3. 3aKoHbI HIEAJBHBIX TA30B o o o « o o » & + o+ &

8.1. Ypasrenue cocrognus (123). 3.2. Tepmojunamuueckune
nponeccH (126). 3.3. 3aKOHB H30NMPOLECCOB B HACAJNbHBIX ra-
8ax. YpaBHeHHe COCTOSIHHA HJeasibHoro rasa (128).

IF''aasa 4, OCHOBB TEPMOAMHAMHUKH . « o 4 o o + + ¢ » o+ o

4.1, INonnas ¥ BHYTpeHHAA dHEPrHA Tesa (cucTeMu Tex) (133).
4.2, Pa6ora (135). 4.3. Tennora (138). 4.4. TenaoemxocThb
(140). 4.5. Ilepentil 3akon (Havaso) TepMmojuHamuku (141).
4.6. O6paTtHmble u Heo6paTuMBe npouecch (145). 4.7. Kpy-
ropbie npouecch (nuKan) (146). 4.8. Huxn Kapno (147). 4.9.
Bropoli n Tpernfi saxkpHH (Hauasa) TepMoiunHaMHky (149),
4.10. Tenaoso#t geurarenp (151). 4.11. XoaozunbHas ycra-
HoBKa (152).

I' 10 6a 5. Baaumnbie npespamesHnss XHAKOCTed H rasos . . .

5.1. Hcnapenne xuakocredt (154). 5.2, Hacolmaromuii (Hacei-
menﬂbm) nap (154). 5.3. Kunenue (155). 5.4. Hsorepma napa
(157). f(pmnqecxoe cocTosinpe BemecTBa. CXRMXeHHe
rasoB (159) 5.6. BaraxnoeTs Boapyxa (160).

IF'aa6a 6. CBOMCTBA KHRKOCTER . « v 4 4 o s ¢ s & o o »

6.1. Sneprus NOBEPXHOCTHOI'O CNOS U NOBEPXHOCTHOE HATA XK e-
HHe xuaxocredl (161), 6.2, CvauuBanue. KanuianspHbe sis-
aennsa (163).

I'aasa 7. Teepame Tena H HX DNpeBpallieHHe B XKHAKOCTH .
7.1, Tunbn KpHUCTaJAJHYeCKHX TBepIuix Tea (167). 7.2. Ynpy-
THe cBO#CTBa TBepAnx Tea (168). 7.3, TennoBoe paciunpenune
TBepALIX Tea M Xuaxocreit (171). 7.4. [Tnabnenne, KpucTanIn-
salHg H cy6anManus TBepAunX Tea (173).

93

106

116

123

133

154

161

167
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OTAEJ 1ll. OCHOBbl 3NEKTPOIHHAMHKH

T'raca 1. DNEKTPOCTATHKA . . « o o + o ¢ o s s ¢ + o o 176

1.1. OcHoBHBIe MOHATHS. 32KOH COXpPaHEHHS JIEKTPUYECKO-
ro 3apsifa (176). 1.2. 3axou Kyxoua (177). 1.3. Snexkrpuye-
ckoe noae., Hanpskednocts moas (180). 1.4, [IpuMeprnt neko-
TOPHIX 3JeKTpocTaTHyeckux nouelt (185). 1.5. Iposoguuku B
anekrpocTaTHueckoM moje (190). 1.6. J{udneKTpuKu B 3J/eK-
TpoctaTHueckom noJte (192), 1.7, Pa6ora cHa anlekrpocraru-
gyeckoro noag (197). 1.8, TloreHnuan saeKTPOCTATHUECKOrO
noad (199). 1.9. Cpsi3b MeXXAY HAIPSAKEHHOCTBIO U PASHOCTHIO
- IOTEHUHAJIOB dJeKTpocTaTHueckoro mosst (202). 1.10. dnek-
tpoemkocTs (205). 1.11. Kougencaropet (207). 1.12. dueprus
a/leKTpUUecKoro noas (209).

I'rasa 2. ToCTOAHHBIA SNEKTPHYECKHA TOK . . . » » . » o 212

2.1. OcuoBubie nOHATHA U onpelenenus (212). 2.2. Veaosus,
Heo0XOJHMBle ISl BOSHHKHOBEHHS ¥ NORJEepMAHUS NOCTOAH-
Horo Toka (214). 2.3. dnexkTpoaBuxkymas cuira. Hampsxe-
uue (215). 2.4, 3akon Oma (216). 2.5. 3aBUCHMOCTD CONPOTHB-
Jeunsa or temneparyps (220). 2.6. Paspersnenue toxos. Co-
eiHeHHs MPoBOAHUKOB (221), 2.7. PaGora u MOmWHOCTb TOKA.
3akon xoyas — Jlenua (227).

I 2a8a 3. dnekTpudeckuil TOK B HeMeTa/NIHYECKHX cpepax . . 228

3.1. DuekTpuueckuft Tox B anerTpoauTax (228). 3.2. 3akouu
a71ekTpoNH3a, JIHCKpEeTHOCTb 3/MeKTPUUYecKUX 3apsaioB (230).
3.3. dexTpuueckuil Tok B rasax (231). 3.4. Hecamocrositenn-
Hblil ra3oBbiil paspai (233). 3.5. CaMmocTosTe bHEIl ra3oBHIH
paspsaa (233). 3.6. Ilonsatne o miasme (236). 3.7. duexrpu-
yeckHit TOK B BaKyvMe. IMuccHOHHBble saBjgennsa (237). 3.8.
JByxanekTponnas namna — Auof (238). 3.9. Tpexsaektpox-
Has Jamna — tpuox (240). 3.10. OSnekTpoHHBIE IYYKH.
DJeKTpOHHO-AyueBass Tpybka (241). 3.11, dnektponposol-
HOCTb YHCTBIX NOAYnpoBoAHHKOB (243). 3.12. IlpumecHas
9JEKTPONPOBOAHOCTE NOJAYIIPOBOAHHKOB (246). 3.13. Dnexr-
pHUECKHEe CBOICTBA KOHTaKTa NOJNYOPOBOJHHKOB p- H N-TH-
nos (248). .

I' sa6a 4. MaruutHoe mOJE NOCTOSHHOTO TOXKA . . ., . . . 249

4,1. MaruutHoe nose. Bextop HHAYKUHH MarHHTHOrO IOJH.
Maruutusiit morok (249). 4.2. 3akon Amnepa (254). 4.3. Mar-
HUTHOE NOJe 3JTeKTpuueckoro Toka (255). 4,4. Baaumopgeii-
CTBHE mapajnenpHblx ToKoB (259). 4.5, JleficTBHe MarHUTHOrO
noas Ha pBuxymuies 3apsg. Cuaa Jlopenua (260). 4.6.
Yapenouplft 3apal yactun (264).

IF'asasa 5. BNeKTPOMATHMTHAA HHAYKUMH . .. . « + +» » + o 265
5.1. SIBilesde M 3aKOH S/JEKTPOMAUHHTHOH HHAYRUHH (265).
5.2. D..c. HHIYKUHH B JBHXKYIUXCH NPOBOXHHKax (266).
5.3, MunyuuposauHoe saexTpuueckoe nose (269). 5.4. Hu-
IYKUHOHHBIE TOKH B CIVIOIIHBIX NpoBogHHKax (270).
5.5. Camonnnyruus (270). 5.6. Bsaumuas unpykuus.Tpauc-
dopmarop (272). 5.7. Ddeprua marHutHoro mous (273).
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I 2naea 6. MarnnTHble CBOACTBA BEUEECTBA . . & o+ &+ o o &
6.1. MarunThEe MOMEHTH 3J€¢XKTPOHOB ki aToMOB, CniHH 3JieKT-
pona (275). 6.2. Kanaccudurauns marnerunkos (277). 6.3.
Huamarnernam (278). 6.4. lNapamarnerusm (279). 6.5. @ep-
pomarneruam (280).

CTHAEJ 1V. KOJEBAHHA ¥ BOANDI
I 2a6a 1. Mexanvueckue KONeGanUA . . . o o 4 « o o o«

1.1, OcuoBuble NOHATAN K ONpElENEHHs KoJeGaTeAbHEIX
nponeccop (286). 1.2. CKopocTh B yCKOpeHUEe rapMOHBHUYECKO-
ro KoneGanus (288). 1.3. FapMonnyeckne KoneGanns npyxuH-
Horo mMastHuka (291). 1.4. I'apMonnueckne KoneGanua mate-
MaTH4eCKOro MafTHHKa (292). 1.5, Dxeprusg rapMoHuyeckoro
KoneGatennbnoro aswxenus (293). 1.6. Caomenuwe rapmoun-
9eCKHX OAMHAHOBO HanmpabJeHHHX xonebannii (295). 1.7. 3a-
Tyxawomue koneGanus (297). 1.8, Bunyxgeunnie xonebanns
(298). 1.9. AstoxkoseGanus (301).

IF'aa6a 2. InexTPOMArHuTHBIC KOJNCGAHUA . . . « + . + « o

2.1. CpoGonnbie 3JeKTPOMATHHTHbIE Koae6aHHsi B KojaeGa-
teabHOM KouType (303). 2.2. Brnyxaenubie saeKTpoMaruuT-
Huie KoneGannusa, [Tepemennstft Tox (307). 2.3. lens mepemed-
HOro TOKa. AKTHBHOe conpoTusiente (308). 2.4, UnaykTuBnoe
conpotuBaenne (309). 2.5. EMxoctHoe conpoTusaenne (310).
2.6. 3axou OMa past 9AeXTPHYECKON LENH NepPeMeHHOro TOKa
(310). 2.7. MomHoCTL NepeMeHHOro ToKa, JeficTBylomue 3na-
ueHMA CHJAH TOKa H Hanpsixenus (311). 2.8, Pesonanc B uenu
nepeMennoro toxka (312). 2.9. Jlamnosum#t reneparop (314).

I' 2a6a 3. Mexaunueckue (ynpyrue) soinbl. 3ByK . . , . . .

3.1, TpepBaputenvunie nouatus (316). 3.2. Ilonepeuntie k
npofioabibie BoaHE (317). 3.3. CkopocTp pacnpocTpaHeHHs
BoaH (318). 3.4. Jnnna Bonuwi (319). 3.5, YpasueHue naockoi
BoaHH (320). 3.6. DHeprus M HHTEHCHBHOCTL BOJIHHL. Y paB-
Herne cdepuieckoli Boannt (321). 3.7. HexoToprie xapaxre-
Blucmxu 3BYKOBHIX BoaH (322). 3.8, Yabrpassyku (324). 3.9.
Hrepdepenuus soan (325). 3.10. Crosiune Bonuu (328).

I 2a6a 4. IAeKTPOMATHHTHBIE BOJHBEL , . 4 4 4 + « + »

4.1, CBs3b MeXJy HepeMeHHHIMH SJ€KTPHUECKHM MW MarHHT-
HuM noasaMu (330). 4.2, CROpocTb pacnpocTpaleH st 4 HEKOTO-
gue OCHOBHBIE CBOJICTBA 3J1€KTPOMAaTHUTHHIX Boax (331). 4.3,

Heprusg H HHTEHCHBHOCTb SJEKTPOMAFHHTHHIX BOJH (333).
4.4, Wanyuenue anexTpoMarnuTuuix Bons (334). 4.5. Ilows-
THe O P8RHOCBS3H, TENEBHJEHHH, PaRHONOKAUHH H PajHO-
acTporoMun (338).

OTAEJ V. ONTHKA

I' aasa 1. Teomerpnueckasi (Ay4eBas) ONTHKA . . ¢ + + + »
1.1, IIpsMoauneiinoe pacnpocrpanenne ceera (343). 1.2. 3a-
KON OTDaX{€HHS H NpeJioMJeHus cBeTa. Iloanoe orpaxenne
(344). 1.3. Ilnockoe 3eprano. [laockonmapansenbHas maace
TaRKa. TIpnsma (347). 1.4. Coepuueckue seprana (349). 1.5,
Jlunsh (362). 1.6. INonartue o poromerpun (356). 1.7. Hekoro-
puie onTtnueckhe npubopm (358).

275

280

303

315

330

343
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I' 2a8a 2. Bonruosas onTHKa (CBETOBBIE BOJHBI) ., . . 364

2.1. Cxopocth cBera (364). 2.2, Unreppepenuns csera (366)
2.3. ndpaxuus ceera (370). 2.4, Hudpaxuus csera HA weH.
Hudpakuuonnas pewerka (372). 2.5. [lonsipusauus csera
(375). 2.6. Hucmepcusn cseta (377).

F'aaea 3. Vsnyuenne M CHEKTPH . . . « . + + » + o o 378

3.1. TemnoBoe usayuenue. AGconotHo qepHoe reno (378).
3.2, Pacnpenesiensie 3HeprHH B CleKTpe abCOJIOTHO YePHOro
rena (380). 3.3. Jliomunecuenuns (383). 3.4. Tunsl ciekTpos
(384)..- 3.5. Unudpaxpacuoe # ynoTpaduoseToBOS UIJIYUCHHS
(389). 3.6. Pentresosckoe u3anyuenue (386). 3.7. Hlxkana
9/MIEKTPOMAarHUTHBIX BosiH  (390).

I' 2a6a 4. Ocnoebi cienuaNbHON TEOPUH OTHOCHTENbHOCTH . . o 391

4.1. 3aKoHB IEKTPOAMHAMHMKM M MeXaHHYECKHHA NpPHHIHI
. oriocurensuoctu (391). 4.2. Iloctynarsl cmenuanbHoli teo-
puu otHocutennHoctH (392). 4.3. TlouaTue o KiuHe Tena (394).
4.4. OnHoBpeMentocTe coGuTHI. CutxpoHH3anus yacos (395),
4.5. OTHOCHTesbHOCTb OJHOBpeMeHHOCTH coOHTHE (396).
4.6. IlpeoGpasoBanus Jlopenua (398). 4.7. OTHOCHTE/NbHOCTH
mann (paccrosnuit) (399), 4.8. OTHOCHTENBHOCTD MPOMEKYT-
Ko Bpemenu (400). 4.9. PeasiTuBUCTCKHH 3aKOH CAONKEHHSN
ckopocreit (402). 4.10. Peasitusucrckas JUHaMHKA., 3aBH-
CHMOCTb Macchl oT cKopoctd (403). 4.11. 3akon B3auMocBsi-
3 Maccel M sHeprum (403).

TFrasa 5. KauvoBasi ONTHKA . . . . » ¢ + ¢ + o s o o o 407

5.1. OcuoBHble MonoMeHnHs KBaHTOBOH ontuku (407). 5.2,
dorosnekTpHyeckuil - apdext (410). 5.3. 3akown BHeEWHEro
oroaqxpema YpaBHenue iiumrefina A dorospdekra
(412). 5.4. Herortopue mnpuMmenenusa ¢orodpdexra (413),
5.5. lIaBneHue csera (415). 5.6. Xumuueckue AefictBun cBe-
ta. Pororpapuyeckuit npouecc (417).

OTAEJ V. ATOMHASl M AAEPHAS ®H3UKA

TFTaraea 1. dnemenTHl KBAHTOBOR MEXAHHUKH . . 4 o + » » o 419

1.1. Hgeu 1e Bpoitasi 0 BOJHOBHIX CBOACTBAX YacTHIl Belue-
crBa (419). 1.2, Bonnosuie CBOHCTBA 3JeKTPOHOB, HEeHTPOHOB,
atoMoB u Mmostekysa (420). 1.3. ®uanyeckuit cMBiCK BOJH Je
Bpoiias (423). 1.4. /TunedHblff rapMoHHdecKHA OCHHIIATOP.
JiBuxenHe 3JeKTpOHA B OrpaHuueHHOHR o6jacTH NpoCTpaH-
crea (424). 1.5. CooTHomeHHs HeonpegeneHHocter (428),
1.6. Ponb cooTHoweHn#t HeoNpefeneHHOCTeR NPH HU3YYeHHH
aeuKeHun Mukpouactuy (431). 1.7, Hynesast SHeprus Ji-
He#HOro rapMoHuuecKoro ocuuaanropa (433). 1.8, IMouarue o
BHIpOXAeHHH ra3oB (434).

[‘Aasa 2. CTpOGHHE GTOMOB . . . . 4 & « « ¢« + « + » « « 436
. Slaepuas moxenn aroMa Pesepdopna (436) 2.2. Tpya-
HOCTH KJIACCHYECKOro OOBACHEHHA AJepHOH MOAenH argma
(439). 2.3. JluneftuaThift ciekTp atoma BoXopofa (440)
Iloctynatt Bopa (442). 2.5. Moaenr atomMa BOAOpPOXa mo
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Bopy (443). 2.7. O6ocnoBanne nocrynaToB bBopa H ¢dusnye-

CKHi CMBIC/ OPOGUTHI 3JE€KTPOHA B KBAHTOBOR MexaHuKe (445),

2.7. KBanTOBaHHE MOMEHTa HMIYJbCa 9JEKTPOHA U ero NpoeK-
gun (447). 2.8. Crnuu saexrtpora. Ipusuun Ilayan (449).
3.9. Iepuonuueckas cucreMa siaeMeHTOB Mengeneesa (452).
.10. Ontuyeckue kBanTOBHE renepaTophl (454).

I 2a6a 3. CTpoeHne H CHEKTpPbI MOJEKYJ . . . . . . . 458

3.]1. O6masi xapakTepuCTHKa XHMHUeCKMX cBsiseil (458).
3.2. Monnule Mosiekynt (460). 3.3. MoJekyJibl ¢ KOBalTeHTHOMH
XNMHUecKol cBsispio (461). 3.4. IlonstHe 0 MOJEKYASPHEIX
cektpax (463).

I 2a6a 4. CtpoeHre 1 0CHOBHBIE CBOHCTBA ATOMHBIX sfep . . , 466

4.1, O6mas xapakTepHCTHKA aTOMHOro sijpa (466). 4.2. 2uep-
TH% CBA3M aTOMHEIX sflep. HederT maccu (468). 4.3. Slpepusie
¢uinl. KanenbHast Mosenb siapa (470). 4.4. EcrectBennas pa-
auoakTHBHOCTb (473). 4.5. IlpaBuaa cmewennss u ocHOBHOM
3aKOH pajMOaKTHUBHOro pacmaja (474). 4.6. Hekoropuie axc-
NepHMEHTAaJbHblE METOAb! H3YUEHH S YACTHIL H HOHH3HDYIOMHX
n3ayueHuit (478). 4.7. TloHATHE O BO3HUKHOBEHHH O, P- H -
Hasyuenuit (481). 4.8. Snepunie peaknun (484). 4.9. Baaumo-
JeiicTeie HelitpoHoB ¢ BemectBoM (486). 4.10. HckyceTnen-
Hasi pajuoaKTHBHOCTb (487). 4.11, denenne TsKeablx sjep
(488). 4.12. llennbie sfepHbe peakuuH feneHusi. SIuepHbH
peaxtop (491). 4,13, TTpumenenus spepuoll eHepruu U pajuo-
aKTHBHEIX H30TomoB (494). 4.14. Buosornueckoe JeiicTBue
HOHM3MpYIOIUX HaAyyeHul (496). 4.15. TepmosiaepHuie pe-
akuun (498). 4.16. Yckopurenn (601).

T Aaa6a 5. INeMeHTAapHbIE YACTHLB .. . « ¢ » o s « - o o 004

§.1. O6mue cBefenns o6 sneMenTapuux uactuuax (504). 5.2.
Jlepeuent sjeMeHTapHBIX 4aCTHIL ¥ HX XapakTepucTHKH (506),
6.3, Anruuactuun (508). 5.4. dyHRaMepTasbHME B3anMO-
ReficTBHS M B3auMonpeBpauienus yacTui (511). 5.5. [TousThe
0 KaaccHHKalHK djeMeHTapHHX yacTHn (516). 5.6. McTunno
sneMeHTapHHe yacTHub (B518).

OTAEJ Vi, AONOJHEHHS 522
1. Exunnun # pasMepHOCTH (H3HYeCKHX BeaHunH. CuCTEMB
epNHNLL pH3HYecKHX BeJHuHH (522), 2. OcHOBHHIE H AONOJHHU-
TEJbHEE eIHHALN MexayHapoanol cucteMul (524). 3. Epnnu-
HHl QH3KYECKHX BeJHYHH B Mexaunxe (527). 4. Equnnun ¢pusu-
YECKHX BEJHUHH B MOJEKYJAsdpHOH (H3HKE H TepMOLHHaMU-
ke (536). 5. Epunnnel BeanunH B dekTpoiuHamure (542). 6.
EIMHUIL HEKOTOPHIX BENHUMH B BOJHOBBIX Ipoleccax u OI-
THRe (542). 7. Hexortophie efHHHUH B aTOMHOR H sjAepHOH
¢usnke (555). 8. Hexoropre ¢pyHaameHTabHbe DU3HYECKHE
KoHcTauTh (555). 9. CrnocoGhl H3MepeHHsT (PH3MUECKHX BEJaH-
unH (556). 10. IMTorpemigocTH Npy H3MepeHHH PU3KHUECKHX Be-
auyun (557). 11, O6paGoTka pe3yJbTAaTOB NPAMHIX H3Mepe-
Hui (560). 12. O6paborka pe3yabTaTOB KOCBEHHBIX H3Mepe-
Hufl (561). 13. [Ipu6nuxennnle BLyUCAEHUs 63 TOYHOIO yue-
Ta norpemHocteii (565).

{IpeIMETHBIE YKA3aTEMb . + 4 4 s « ¢ s s o ¢ s ¢ s « » » 068



[MPEANCJ/IOBHUE K HETBEPTOMY M3AHUIO

B uerseprom mapamun «CnpaBOUHOTO PYKOBOACTBa» YTOY-
HeHbl HEKOTOpLIe MOHATHS B COOTBETCTBHM C TpeGOBaHUAMH
HOPMaTHBHHX JOKYMEHTOB M CTaHZAPTOB, a TAKMKEe YCTPaHEHH
3aMCUEHHBBIE ONEUaTKHU.

MNPEANUC/IOBHME K TPETBEMY WM3IAHHIO

B tperpem nspanny CnpaBouHOro pykoBojcTBa 1O (GH3HKe
JJisl IOCTYNAIOWKX B BY3bl 1 €caMO00pa30BaHHisl BHECEHB! M3Me-
HeHHSA B oTAea VI «AToMHasi u siepHasi pH3MKay, OTPaXarowme
JOCTHKEHHS (DM3UKM BHICOKHX 3HEPIHi B MOCAEJHHE TOAHL.
I'nasa 5 «DnemenTapHble yacTHlb 3aHOBO Hanvcana A. Y. Hay-
MOBBIM.

ABTOpH BHIPAXAIOT NCKPEHHIOW NPH3HATENBHOCTb YMTaTe-
JigM, NPHUCAABLINM CBOM 3aME€YaHMHA IO KHUTE, KOTOpHE OBIH
YUYTEHH NPH NOATOTOBKE TpPEThero H3jaHusd.

13 TIPEJNC/IOBUS K IIEPBOMY U3JIAHHIO

B panuoM cnpaBOYHOM PYKOBOACTBE NMPHBEJEHB! onpejese-
HHUSI OCHOBHHIX (PM3UUYECKHX TNCHSTHH M BEJIMYUH, M3YyUAEMBIX
B 3JEMEHTapHOM Kypce (GU3HKH, CcHOPMYJHPOBAHHl (U3nye-
CKHE 3aKOHH, KPaTKo pasbsiCHEHa CYUIHOCTb ONHCHIBAEMBIX
uMH sBJeHHHA. B HeKOTOphiX rjaBaX TNPHUBEAEHH TPHMEpPH
pEIeHHd 3anad.

CnpaBoyHoe pyKOBOACTBO PAacCYHTaHO Ha BecbMa LIMPOKHH
KDPYT unTaTeliell: yyalluxcs cpeiHuX WKoJ, npodeccuosanabHo-
TEeXHHYECKHX YUHJHI, CPeAHHX CcHEeNHaJbHBIX y4YeOHLIX 3a-
BeJleHuil W caywmareseil MOATOTOBHTENBHEIX OTHEMEHHIT BY3OB.
OHOo MoxeT ObIThb HCHONB30BAHO aAOUTYPHEHTaMM INPU NOA-
TOTOBKE K BCTYNMTEJbHBIM 9K3aMeHaM B BY3Hl U BTy3el. MMes
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B BHJY TakmKe TexX, KTO MHTepecyercs GU3HKOH ¥ 3aHUMaeTcs
camMoo6pa30BaHUEM, COCTABHTENY COUNH HeOOXOHMMBIM HOMe-
CTHTb B CIPABOYHOM PYKOBOACTBE HEKOTOpHIE CBEAEHHA 10
KJIaCCMUYECKOH M COBpeMeHHOH (pH3HKe, KOTOPHIE BHIXOAAT 3a
paMK1l 1@porpamMMm CpeiHHX YueOHBIX 3aBejleHud. [1aBHOe
BHUMAHHME B CIPABOYHOM PYKOBOACTBE YAE/sieTCS HCTONKOBA-
HMIO (DHBHYECKOrO CMBIC/IA 3aKOHOB M OMHCHIBAGMBIX HMH SIB-
JeHuit. MaTtemMaTHuecKHe 3HAHHS, HeOOXOAUMBIE AJIf MONB30-
BaHMs CNPaBOYHBIM DYKOBOJACTBOM, HE MPEBBHILAT Kypca
MaTeMATHKY CPeiHHX Y4eGHEHIX 3aBejieHHi.

Epununel QE3NYECKMX BENIHYMH M CHCTEMBl CJUHMI[ MPH-
Befiennl B gomosHenun (otmen VII).

[loapo6Hulit npeAMeTHHIA yKasaTelb U CHCTEMA CCHIAOK
JOJIKHBL 0G/IerYnTh OTHICKAHHME HYXKHBIX cBefleHMid. B ccpiikax
yKasplBaIOTCA HOMepa OTHAeNa, IJyaBbl, maparpada M NyHKTa,
FJ€ WMEIOTCS CBeJeHHs, OTHOCSUIMECSI K paccMaTPUBAeMOMY
ponpocy. Hanpumep, cceinka (1.4.3.2°) osnauaer, uTo yuraTesnb
Ha#ileT HHTepecyIOW Ui ero MaTtepyuan B OTAe]e HepBOM, [VlaBe
yerBepTOit, maparpade TperbeM, myHKTe BTopoM. B ccpuikax
Ha MaTepuas TOro ke naparpada yxkasblBaeTcs TOJNBKO NYHKT,
nanpumep (. 5°). B ccwikax Ha gonosHenue (otaen VII)
yKa3blBaeTCA TOJAbKO OTAEN M maparpad uwiu otjen, naparpad
n nyuir, Hanpumep: (VIL.3) nam (VII.2.1°).

Orpeant 1 u VII nHamucann [O. A. CenesHeBbiM, OTHE/BI
II—VI wnanucannt bBb. M. feopckum. Ilpumepsi pemenus
sajgau B orgenax II—VI nopoGpaunt H. A. Borycnasckoi.

B. M. flsopckuii, I0. A. Cenesties



Omadeal

MEXAHHKA

Faaea 1
KHHEMATHKA

1.1. Mexanuueckoe ABHXeHHe

1°. B mexanuxe usyyaercsi HanGosee npocras ¢opma ABHe
JKEHHSl — MeXaHHuecKoe JpuxeHue. Mexanuveckum Ocuoices
HueM Ha3HIBAETCS U3MEHEHHe NOJOMEHHS NaHHOrOo Tena (WM
ero vacrefi) oTHOCHTEJbHO APYruX Tesa. MHorma mexaHuueckoe
JABIKEHHE JierkKo HaOJIolaTh: 3JEKTPOBO3 JIBHKETCA OTHO-
CHTEJIbHO NJIaTGOPMbL H NOJOTHA KeNe3HOH A0POTH, TEIJIOXOAL
JBUXKYTCS, H3MEHSiA CBOE IIOJIOKEHHE OTHOCHTEeNbHO GeperoB
peK, Mopeil n okeaHoB. HekoTophie MexaHWYecKue ABHXKEHHS
HENoCpPeACTBEHHO I'1a30M HabmoAaTh HEBO3MOXKHO. Tak, aToMH
K’ MOJIEKYABl Ta30B JABMXKYTCH OTHOCHTENBHO CTEHOK COCYZa
U T. 1. B peanbHOCTH Tak¥X HEBUAMMBIX MEXaHWYECKHX JBH-
WEHUH Hac yOexaaloT Te (u3nueckHe SBJEHHS, KOTOpHIE
cBfi3aHHl ¢ sTHMM ABmxeHusmu (11.1.2.1°% 11.1.3.1°).

B netomonosckoll mexarHuke paccMaTpPHBAIOTCS MeXaHHUe-
CKHE JIBHIKEHHS TeJ, NPOUCXOASIINE CO CKOPOCTSIMH, MHOTO
MEeHBIUMMH CKOPOCTH cBeTa B Bakyyme (IV.4.2.1°).

2°, Kunemamuxoil Ha3biBaeTcsi pasiesl MeXaHHKH, B KOTO-
pOM H3Y4aloTcsi MeXaHHYecKHe IBUXKEHHA TeJ BO BpeMeHH H
He pacCMaTPHBAlOTCA Kakue-nu60 BO3JEHCTBHS Ha 3TH Teja
JpYTUX TeX Mad nonefl.

3°. Jas onucaHus MeXaHHYECKOTO JBHMKEHHS HeOOXOAHMO
yKa3aTb TeJO, OTHOCHTENBHO KOTOPOI'G PacCMaTpPUBAETCH ABH-
:)xenve. Hanpumep, nmaccaxup, cupamuii B Kpecje camoJsera,
H KOpPNYC CaMOJIeTa JBHXXYTCS OTHOCHTEILHO 3eMad, HO He-
MOJABHXKHB! APYT OTHOCHTEABHO Apyra. Tejo, 10 OTHOMIEHHIO
K KOTOPOMY DAaccMaTpHBaeTcsi JaHHOE MeXaHHWYecKoe ABMKe-
HMe, Ha3bIBaeTCs meAOM Ome4ema.

C TenioM orcyeTa CBfASHIBaeTcA cucmema xoopournam. IIpo-
CTEHIIEH CHCTEMOH KOODAMHAT SBJSAETCA NPAMOYSOAbHAs Oge
Kapmosa cucmema xyz, uso6paxennas Ha puc. I.1.1. Cookyn-
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HOCTb TeJla OTCYeTa M CHCTeMbl KOOPAMHAT HA3BIBAIOT CLCMEMOL
omcyema. O pasjau4HBIX cucreMmax orcyera cm. 1.2.1.3°, 6°.

4°. Tlpu pemleHHH HEKOTOPBIX 3aJaY MEXaHHKH MOXKHO
He HHTepecoBaTbes GOPMOH M pasmepamu Tena. Mamepuais-
HOUl moukoll Ha3BIBAETCS TeNMO, Pa3MepaMu KOTOPOro B AaHHOU
3ajaye MOXHO npeHebpeub. Tak, mpu pacCMOTPEHHH TOXHY-
HOro sBHKeHHS 3eMad BOKPYr COJMHIIA 3eMHOH ap MOMKeT
ObITb NPHUHAT 32 MaTEPUANIbHYIO TOUKY.

B uHbIX cnydasx (HanpuMep, MpH aHAjAM3e CYTOYHOTO
JBIKEHHA 3eMJIH BOKPYr cBOefl ocu) pa3mMepamu Teda mpe-
HeOpeuyb Henn3sn. Teno, dopma
M pa3Mepel KOTOPOTO NpH Haiu-
YHH BCEBOSMOMHBIX BHELIHHX BO3-
JEACTBHA MOTYT CUHTATbCA HEH3-
MEHHBIMU, HaA3bLIBAETCH abCOAOMHO
meepdeis  meaom.  AGCOMIOTHO
Z  TBepJoe TeJO MOXKHO paccMaTpH-
4 ..-__....:::i' BaTh KaK CHUCTEMY KEeCTKO CBS-

3aHHBIX MATEPHAIBHBIX  TOYEK,
4 HAXOASIUXCH HA HEH3MEHHBIX
Pre. 1.1.1 PacCTOAHUAX APYyr OT apyra.’
5°, TTosoKeHHe MaTepHATBHOHN
Touki M B JekapToBOf cucTeMe KOOpAMHAT ONpeAessercs
TpeMsi KOODAHUHATAMH Xp, Yy, 2y (puc. I.1.1). Mnade mo-
JIO2KEHHE TOYKH MOXKET OBITb 3aJdHO pPaiHuyC-BEKTOPOM T,
NPOBEJEHHBLIM W3 Hayajga orcyera koopiuuat O o Touku M
(puc. I.1.1).

6°. MexaHHuecKoe [IBUMKEHHE [POUCKOAUT BO BPeMmeHH.
Jnsg Toro 4ro6Hl ONPEAENHTb MOMEHTBl BpPeMeHH, KOTOpPBIM
COOTBETCTBYIOT Pa3/IHyYHbIC MOJNOKEHUA ABHKYIILEroCs Tesa (HId
MaTepuaNbHOH TOYKH), CHCTEMA OTCUeTa JOMIKHA OHITh CHaGKeHa
yacaMu, OTCUMTHIBAIOILMMH [POMEXYTKH BPEMEHH OT NPOH3-
BOJIbHO BHIOHPAEMOTO HauaabHO20 MOMeHma eépemetu. Bpems
BCerJla M3MeHseTcs OT mpowvioro K Oyaymemy. O CHHXPOHH-
3anuy vacoB cM. V.4.4.3°,

7°. Tlpu pBuxeHHH MatepHanbHO# Toukd M (puc. 1,1.1)
KOHell pajuyc-BEKTOpa I OMNKCHIBAET B HPOCTPAHCTBE HEKOTO-
pyiwo qunuo. Korjza aBumercs TeJo KOHEYHLIX PasMepoB, pas-
ANYHBIe €ro TOYKM B OOLIEM C/yyae ONHUCHIBAIOT Pas/ivyuHbe
NaHuK. JIMHUA, 0O KOTOPOH MABHXKETCA TOYKA, HA3bIBAETCH
mpaexkmopued.

YpaBHeHHE 3aBUCHMOCTH pajuyC-BeKTOpa ABUXYyulefics
TOUKH OT BPEMEHH

i
1
$
1

r=r(f)
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WM SKBHUBAJIEHTHAsi €My CHCTEMa ypaBHEHwWil

x=[(t), y=0@), z2=v()

HA3bIBAIOTCS YPABHEHUAMU OBUNCEHUS MOUKU.

8°. Tlo dopme TpaeKTOpHH MeXaHHYECKHE ABUKEHHs KJjac-
CHOULIUPYIOTCS Ha ApAMOAUHedHble 1 KpusoauHetinole. B nep-
BOM cJyyae TpaeKTOpHeH ABMIKEHHs B JaHHOH CcuCTeMe OT-
cueTa ABJASETCH HpsAMad JHHUA, BO BTOPOM — HEKOTOpas
kpuBas. Hanpumep, Teno, BHIMYLIEHHOE U3 PYK Ha HeGOMbINOH
BHICOTE€ HaJ MNOBEPXHOCTBIO 3€MJIH, JBHXKETCS NPsMOJUHeH-
HO, a Tejo, OpOLIEHHOe TOPU3OHTANbHO,— KPUEBOJMHENHO
(1.1.10.1°).

Ecau Bce TOUKM TpPaeKTOPHM JieKaT B OJHOH TJIOCKOCTH,
JABHKEHHE Ha3bIBAETCS NAOCKUM.

TpaekTopuy naHHOTO MEXaHHUECKOro JIBHXKEHHSA B Passny-
HBIX CHCTEMax OTCYeTa MOIYT MMEeTh HEeOLHHAaKOBYIO (oOpMY.,
Tax, Tes0, BHINYILEHHOE U3 PYK B BaroHe PaBHOMEDHO ABHXKY-
werocst noesaa (1.1.5.1°), B cucreme orcuera, CBsiI3aHHOH o©
BaroHOM, JABHXKETCS MPAMOJNHENHO 110 BePTHKANHU, a B CUCTeMe
OTCueTa, CBSi3aHHOH C »KeJIe3HOAOPOXKHLIM TIOJOTHOM,— MO
napatoae.

ITpumep. 1. Ilycth MaTepuaibHas TOUKa ABIKETCH B
NN0CKOCTH xOy M ypaBHEHHA ee ABHIKEHMS HMEIOT BH]

x=at, y=>"bl,

TA€ ¢ ¥ b — OTANYHBIE OT HYJsi NOCTOAHHbIE KOIPHUIHUEHTH.
Haiitu Bua TpaekTOpHH, NO KOTOPOH ABHKETCA TOUKA,
HckmounB M3 3aiaHHBIX YPaBHEHUH BpeMms [, HUMeeM

b
y= va
T. €. TPAEKTOPHS TOUKH — npsiMas JHHHA, DNPOXOAALAA Yes
pe3 HayaJo KOOpAMHAT.
[Ipumep 2. JIBnKenne MarepuajbHOH TOYKY B IIO»
ckocTd x¥Oy onuchiBaeTcs CeLYIOUUMH YPaBHEHHSMH!

x=asinet, y=acosol,

The @ H ® ~— OTJHYHBE OT HYJS HOCTOSHHLIE BETHUUHBL
KakoBa ¢opMa TpaeKTOpHH TOUKH?
W3 npuBefeHHBIX yPaBHEHUH HaXOAHM

xja==sinwf, y/a=cosnl.
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BosBofist B KBaApaT M CYMMHpYA [OJNyUYEHHLIE BHIPAXKEHHS,
TIOJIyYaeM ypaBHEHHE TPAeKTOPHH, He COAepKallee BpeMeHH f:

x2+ yZ =q?2,

MarepuanbHan TOYKA JBHIKETCA MO OKPYXKHOCTH pajuyca a.
LeHTp OKpY:KHOCTH COBIAJAET C HAYyaJIOM KOOPJAMHAT.

9°, TpocrefiuuMH BUAAMH MEXaHHYECKOTO ABHKEHHA al-
COJIIOTHO TBepAoro Tena (m. 4°) ABAAIOTCA MOocTynaTesbHOe H
BpaUjaTeNILHOE JABHIKCHUA.

JBrkenue Tena Ha3bIBACTCH NOCMYNArMeAbHoiM, eclin BCe
€ro TOYKH OMHMCHIBAIOT KOHTPYIHTHbIE TpaekTopuH. Ilpu sToM

/]
/]
] T . fbA
A . ~‘~~ \\\\ ﬂ’ ~
I \\ - ” -
A
7 )
Puc. 1.1.2 Puc. 1.1.3

A0 6as npaMas, COeAHHAIOWAA ABE NPOH3BOJbHBIE TOUKH
(A u B) tena, nepememaercs, octaBasich Napa/iesbHON caMOi
ceGe (puc. 1.1.2). [NocTynartenbto ABUKeTCS, HanpHMep, nop-
eHb B LIWIHHAPE ABUraTe/IA BHYTPEHHETO CFOPAHHA WIH UK
NHCbMEHHOTO CTOJIAa, KOIZid €ro BHIBHIAIOT.

[MocrynarenpHoe jpuxKeHue aGCOMIOTHO TBEPJOTO Tesaa MO-
KeT ObiTh OXapakTepH3OBaHO NBHIKEHHEM KaKOH-H60 ofHOM
€ro TOYKH, Hanpumep jBumeHueM meHtpa Macc (1.2.3.4°).

Tlpn spawjamensrhom pBMEeHUH aGCOJIOTHO TBEPAOro Te/a
€0 TOYKH ONMCHIBAIOT OKPYXKHOCTH, DPacfoNOMXKEHHpE B na-
pPaIeNbHBIX MJIOCKOCTAX. LleHTphl Bcex OKpyXKHOCTel nexar
OpH 3TOM Ha OAHOH npAMOH, nepneHiuKyJapHOH K IIOCKO-
CTAM OKDYIKHOCTeli M Ha3biBaeMo# ocero spaujenus. Ocb Bpa-
mennst 00 Momer pacrojaratbesi BHyTpH Teaa (puc. 1.1.3)
wid 3a ero npenenamu (puc. 1.1.4). Ocp BpauweHus B JaHHOH
CHCTEME OTCYeTa MOMET OBITh HEMOABHIKHOH HJH NOABHKHOH.
Hanpumep, B cucteme orcuera, cBsi3aHHON ¢ 3emJeH, ochb
BpalUEHHSI pOTOpa reHepaTOpa Ha 3JEKTPOCTAHLMH HENo-
BHKHA, a OCH KOJIeC JABUXKYLIErocs aBTOMOOHJS mepemeria-
I0TCAL.
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1.2. Bextop nepememennus. fyrb

1°. Tlpy ABHMEHNH TOYKM NOJIOMEHHE ee PalMyC-BEeKTOpa
(I.1.1.5°) B npocrpancrBe usmensercs. PasHocTb

Ar=r,—r,

pPajnyc-BeKTOPOB, XapPaKTEPH3YIOMHX KoHeunoe (2) u Havajb-
Hoe () nonoXXeHNst TOUKH, ABHXKYIERECH B TeUeHHE NPOMEXYTKA
BpeMenn At=1,—t,, HasLIBA€TCH 6eKMOPOM hepemeijerus (ne-
pemeujeriuem) (puc. 1.1.5). Tlpoekunn BekTOpa mnepemeiieHus
Ha Koopiunarthble och Ox, Oy u Oz MOryT GbITh BHIPaXKEHHI
yepe3 PasHOCTH KOOPAMHAT €ro KOHLA M Hayaja:

Ary=BAx=x—x;, Ary=Ay=y,—y; Ar,=Az=2,—2,.

Pasnocru koopamnat Ax, Ay, Az EByX nojoxeHuil ABHXKY-
uleficsl MaTepHaJibHON TOYKY YacTO HAsHIBAIOT NepemeiyeHusmu
(cmewgeruamu) mouxu 60046 CoOT-
BETCTBYIOHUIHX KOOpOUHAMHbIX Ocedl.

I'paduku 3apucumocrel Ar, =
=Ar (8), Ary=Ar,(t) n Ar,=
=Ar,(f) HaswBalOT epadurxamu
nepemeujeruti BIONb COOTBETCTBY-
IOIHX KOOPIAHHATHHIX Oceil.

BekTophl nepememeHuii cKJa- Puc. 1.1.5
JBIBAIOTCS FeOMETPHYECKH, fo npa-

BUJIY TapajieJiorpaMMa WJIH MHOFOYTOJNbHMKa (npasuno cao-
HCEHUS 8EKMOPOB).

2. [Tyme (S wau AS) siBasiercs cKaa s pHON Beju-
YHHOM, paBHOH J/IMHE yvacTKa TPaeKTOPuH, NPOHIEHHOro
IBMIKYIEHCS TOUKOH 3a JanHbfi MPOMEXYTOK Bpemenu. [TyTH,
npofiaeHHble TOYKOH 3a mociefoBaTesJbHbIE NPOMEXYTKH Bpe-
MeHH, CKJalbBaloTcI apHPMEeTHYECKH.

Moayab Ar *) BeKTopa mepeMelieHuss B OOIeM cAyuae He
paseH Nyt AS, npoiifieHHOMy TOUKOH 3a JaHHBIH NPOMEKYTOK
BpEMEHH,

I'padux 3aBucumocty S=S (f) HasbiBaeTCa epagurom nymu.

[Tpumep 1. Touxa ABMXKeTCA OT NMOBEPXHOCTH 3eMJIH
BEPTUKAJbLHO BBEPX H TO JNOCTHMEHMH MAKCHMAaJbHOH BEICOTH
H napaer na 3emmio. Bekrop nepememienusi TOUKH DaBeH
HYJIO, a NyTh, NPOHJEHHBLIN TOUKOH, paBeH yABOEHHOH BLICOTE
nonvemMa 2H.

z
J/)y-

*) Moaysb BeKTOPHOMN BeJHUNHE A 0603HAYAIOT UM NP AMBIMH Bep=
THKaJbHEIMH YePTOUKaMH y CHMBOJIA BeKTopa: |A|, uau cBeraol Oyk-
Boit: A.
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IMpumep 2. Bejnocuneaucr ABHKETCA IO TPAeKTOPHH
B (opMe OKPYXKHOCTH pajuyca R. 3a Kako#-TO MPOMEKYTOK
BpeMesHd OH NpoeXas MOJOBUHY IJIMHBL OKpyxxBOCTH. Moayip
BEKTOpA MEepEMEeIleHNsi BeJIOCHIIeAHCTa HPH 3TOM paBeH Aua-
METPY OKPYKHOCTH (2R), a nyTh — 1O-
JIOBHHE JIHHBL OKPYXKHOCTH (TR).

[Tpumep 3. Touxka nocaenosa-
TEAbHO MepeMelaeTcs H3 [OJOXKeHHs
O B nogoxenue A, sarem B B, C u T. 4.
(puc. 1.1.6). Ilyrs, npofinenusifi TOY-
Kofi, Oyler paBeH cyMMe AJIHH YydacT-
koB Tpaekropuu S=0A+AB-+BC+
Puc. 1.1.6 +CD-+DE. Bexkrop mnepemeuieHus

—
Ar=0F coeauHsier HavajJbpHOE TOJO-
xeHne O TOYKH C KOHEUHBIM ee [oJioeHueM F. MOllyJIb BEK-

Topa nepemeilenua Ar=|0FE| He paBeH nyTtu S, NPOHAEHHOMY
TOYKOH.

1.3. Cxopoctn

1°. Cpedueir cxopocmoro (V.,) 32 HPOMEKYTOK BPEMEHH
At=t,—{; HadwBaercs (QU3UYECKas BeAUUHHA, paBHas# OTHO-
IICHHIO BEKTOPA MEPeMEIeHHs] Ar=r,—r; TOYKH K JVIHTE]b-
"HOCTH IPOMEXYTKa BpeMeHH Af:

2le

Vep =

Hanpasnenne BekTopa cpefHeH CKOPOCTH COBIIajaer ¢ Ha-
npasJeHHeM BEKTOpa mepemerieHus Ar.

CpejHsast CKOPOCTH XapakTepusyeT [BHMKEHUE B TeueHue
BCEr0 TOrO NPOMEXKYTKA BpemeHH Af, Anst KOTOPOro oHa or-
pexenena.

I[I1puwmep. HeGonbuioll Taxkensfl mapuk najgaer BepTH-
KaJbHO BHH3. KoopauHarsl 2; iapuka no ocu Oz, HanpasJieH-
HOil BepPTUKAJbHO CBEPXY BHHU3, B Da3/IHUHBEIE MOMEHTH Bpe-
MEHH [, HM3MEpEHHLIe OT Hayaja ABHXKEHHs, YKasaunl B Tab-
Jne:

¢, ¢0,10 ]0,20 70,30 |0,40 0,50,0,60 0,70]0,80{0,90| 1,00

2;, M {0,04910,196{0,441]0,784 1,22,1,76 2,4013,14)3,97 14,90
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OnpenenuTh MOAYJH CPENHHX CKOPOCTeH IIAPHKA Ugp g g
Uep 5,6 Uep 5,10 ¥ Uep 1,10 38 COOTBETCTBYIOILME IPOMEXKYTKH Bpe-
menu: o1 ,=0,10 ¢ mo £,=0,20 ¢, or £,=0,50 ¢ o £,=0,60 ¢,
ot £,=0,50 ¢ 10 ¢,,=1,00 ¢ u or {;=0,10 ¢ 10 #;,=1,00 c.

0,196—0,049
Ucp 1,2 =mM/C % 1,5 M/C,
1,76—1,22
Ucp 5,8 = mM/C$ 5,4 Mm/C,
4,90—1,22
Vep s, 10 = T 00050 /¢ = T»4 M/c,

4,90—0,049
vcp 1, 16 = 000,10 M/C ~ 5,4 M/C.

2°. Cropocmeto (M2HOBeHHOL CKOPOCMbIO, CKOPOCIbIO 8 OQH-
HbLL MOMEHm epemeHu) HasbiBaeTcs (PU3NUECKas BeJIMUHHA,
paBHasg npejeny, K KOTODOMY CTPEMHTCA CPeiHfA CKOPOCTh
(n. 1°) npu OeckoHeyHoM YMEHBIIEHHH TPOMEXKYTKA BpeMe-
nu At
. . Ar
v=Ilim v, = lim YR
A0 Af—-0
CrOpOCTbL paBHa Npeesly OTHOICHUSA DJIEMEHTAPHOTO Ie-
peMeleHus Ar K s/MeMEeHTAPHOMY NPOMEXYTKY BpeMeHn Af,

Yi \

s
V;
Puc. 1.1.7

B TeYyeHHe KOTOPOTrO 9TO TepeMelleHHe NPOUCXOAUT. Bekrtop
CKODOCTH HamnpapJieH 1o KacaTeJqbHOH K Tpaekrtopuu. Hanpas-
JICHHE CKOPOCTH HA3BIBAIOT HANPABJICHUEM NBHIKEHHS TOUKH
(puc. 1.1.7).

3°. JlBuKeHHe MaTepHasbHON TOUKH Ha3bIBACTCS PABHOMEp-
HbiM, €CJIM MOAYJb €e MIHOBEHHOH CKOPOCTH C TeYeHHeM Bpe-
MeHH He usMeHsiercst (v==const). Ecsu xe MORyap MIHOBeHHOR
CKOPOCTH TOYKH C TeUeHHEeM BPeMEeHH H3MEHSIeTCH, JBHKEHHS
HA3bIBACTCH HEPasHOMepHbIM (HJIH NePeMEHHbIM).

4°. Cpedned ckarapuod (cpeOHed nymesoll) CKOpOCHbIO
(vscp) HasblBaeTcsi (pusMyecKas BeJIMUYMHa, onpenenseMas

oTHOIIeHHeM NyTH AS, npoHAeHHOrO TOUYKOH 3a NPOMENKYTOK
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BpeMeHH Af, K AJHTEILHOCTH 3TOTO NPOMENYTKal

AS
vs W=F'

Ilp GeckoHeYHOM YMEHbLIEHWH IIPOMEXYTKa BpemeHH Af
MPHOBEHHOE 3HaueHHe CKaJsfipHON €KOPOCTH

COBTMIARAET C MOAYJIEM U MT'HOBeHHOR CKOPOCTH TOYKH, TaK KaK

lim AS lim l'—3-5‘—=v.
atso BT gy BT

B ofmem cayuae cpeamsas ckaaspHas CKOPOCTb Ug ., He
paBHa MOAYJIO U, CPenHeli CKOpOCTH ToOuKM. PaeencTso
Us ¢p==U,p BHINOJIHAETCSH TONBLKO NPH NPSIMOJHHEHAHOM ABHIKE-
HMH MaTepHajbHOH TOYKM Ge3 H3MEHERMs HanpaBJeHHA ABH-
KEHHA,

Cpennnas cKanspHasi cKOpOCTh yRo6GHA 1Jif1 ONHCAaHHs ABH-
XKEHHS 1O 3aMKHYTOH TPaeKTOPHH WJIM N0 TPAEKTOPHH, pas-
JHYHBlE YYACTKH KOTOPOH mnepecekaworcs.

ITp umMep. MaTepuanbHas TOUKa 3a HPOMEXYTOK Bpe-
MeHH Af coBepiiaeT OAMH NOJAHBIH 0GOPOT IO OKPYXKHOCTH
paauyca R. CpeaHssa CKOPOCTb TOYKM paBHa Hymo (v.,=0,
TaK Kak Ar=0), a cpefusas cxajgspHas CKOPOCTL 33 TOT XKe
NPOMEKYTOK BPEMEHH OTJHYHA OT HYJIA (USW:LZ?)'

5°. T'papuxom cxkopocmu HasHBalT TpaduK 3aBUCUMOCTH
OT BPEMEHH MNPOEKUUH BEKTOpa CKOPOCTH Ha Kakyio-JH60
KOOPAHHATHYIO Och (V,=v, (f), uau v,=uv,(f), nan v,=v,(l)).
Ilpn stom mo ocH abcuncc B OnpefeseHHOM Maciuitabe py
OTKJ14JLIBAETCS BPEMs, H3MEPeHHOe OT YCJIOBHO BHIGPAHHOIO
HayaJnbHOrO MOMEHTa BpeMeHH (1,=0), a no ocu opjuHar —
3HA4YEHHs TNPOEKUMH BEKTOpa CKOPOCTH Ha JAaHHYIO KOOpAH-
HaTHYIO ocb B Maciutabe u, *).

I'padpuxom ckopocTy HasbIBalOT Takke rpaduk 3aBHCHMOCTH
v=v(f), KOrza MO OCH OPAMHAT B NPHHATOM MaciTale p,
OTKJIAIBIBAIOTCSt 3HAYEHHST MOXYJA CKOPOCTH TOYKM B pasjiny-
Hble MOMEHTH BDEMEHY.

*) B panpHeilmieM, KaK NPaBHJO, HE OFOBApUBAETCs, YTO NIPH MOe
CTPOEHHH TPadHKOB Ha OCHX KOODAHHAT 3Ha9eHHST (QH3HUECKHX BEJH<
WHH OTRJAALIBAOTCA B onpeleleHHHX MacluTabax.
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ITp uMep. MarepuanpbHast TO4Ka JBHIKETCA PaBHOMEPHO
110 OKPYIKHOCTH, Jie)auielt B mtockocTé XOy. Molyib CKOpOCTH
TOYKM paBeH v. HauanbHoe monoxeHue A TOYKH B MOMEHT
BpeMeHH f,=0 H OpHeHTAUHsA KOOPAHHATHBIX OCeH MOKa3aHHI
Ha puc. [.1.8,a. I'padu xu saBucumocTell v==0 (¢), v, =0, (f) u
v,=v, (f) B MaciTabax p, ¥ i, 4
3a BpeMs T OXHOTO MOJIHOTO v
0060poTa MaTepUaJbHOU TOUKH
0 OKPYIKHOCTM MOKa3aHH Ha

puc. 1.1.8,6, ¢ u e. i g z
1.4. YcKopeune (Fv’
o 1
1°. Cpednum  ycxopenuen g L,
(a.,) HasblBaercs (HU3MYECKas I3 173 T 1
Be/IMYMHA, DABHAS OTHOWICHWIO (el
M3MEHEHUS  CKOPOCTH  Av= (y:}\
=vV,—V; MarepHaJbHOH TOYKH ) L —
K IJIHTEJIBHOCTH NPOMEXYTKA & / 2 It
Bpemenu Af={f,—},, B TeyeHue w lwd
KOTOPOTO 3TO H3MEHEHHe npo- ()
M301L10: ] x L
Av 7/2 T ¢
acp‘:—v. 2 {‘Ut)
Hanpasnenust BeKTopoB a., Puc. 1.1.8

Av coBnanaor.
IMMpumep. Ha puc. 1.1.9,0 uzobpaxen yuactork [—2
TPaeKTOPUH MaTepHanbHOA TOoukH. B MomeHT Bpemenu ¥

VI v
2 Av-vv;
v
v
z 2 4 \ac,

Puc. 1.1.9

TOYKA MMEET CKODOCTh V;, 4 B MOMEHT f, — CKOPOCTb Vj.
BekTop CpelHero yCKOpeHus a., HamnpaBJeH TaK ke, Kak
U BEKTOp H3MeHeHus ckopoct Av=v,—v; (puc. 1.1.9,6).
B ofuieM cayyae HampaBieHHe BEKTOPa a., He COBMAjaeT HHU
C HanpasJieHUeM BEKTOPa v;, HH C HalPaBJeHHEM BEKTOPa Vs,
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HH C HanpapJCHHEM KacaTelbHOH B KaKOH-1MO0 TOUKe TpaeK-
TOPHH Ha J@aHHOM ee yJacTKe.

2°. YcKkoperuem (meHOBeHHbIM YCKOpeHueM) MaTepHaJbHOR
TOYKH B MOMEHT BPEMEHH [ HaspiBaeTcs Quanyeckas BeJHUMHA
a, paBHas TpPeleJdy, K KOTOPOMY CTPEMHTCA CpejHee yCKo-
penne (n. 1°) sa npoMexyTrok BpeMeHH OT ¢ po #-+Af npu
HEOTPAHHUCHHOM yMeHbLIeHHH Af:
a=lim a,= lim 5%

A0 P a0 A

Yckopenne (B JaHHOH TOUYKe TPAEKTOPHHM HJM B JaHHBI MO-
MEHT BPEMEHH) DaBHO TMpejely OTHOWIEHHS 3JIEMEHTapHOTO
H3MEHEHHsI CKOPOCTH AV K 3JleMEHTapHOMY NPOMEXYTKY Bpe-
meHu Af.

B nannoii cucreme oTcueTa BEKTOP YCKOPEHHSI MOXKeET GHITb
3aJaH NMPOEKHUWsAMH Ha COOTBETCTBYIOLIYE KOOPAMHATHBLIE OCH
(MPOEKUUAMH ay, ay U a,).

3°. Cocrapaisiiomias a, BeKTOpa YCKODPEHHsi, HanpaBJieHHasl
BAOJIb KacaTelIbHOM K TPaeKTOPHH B AAaHHOH TOYKe, Ha3biBa-

eTCa  MaHeeHYUQAbHbIM

v
d b X (KacamenvHbiM) — yCKOpe-
i s ”:, /il 7' : Huem. TaHrenumanbHoe
al--Va o4~ Yo, YCKOpeHHe XapaKTepuay-

Aol fo<0 €T M3MEHeHHe BeKTopa

e P CKOPOCTH 1O MOAYJIO,
BekTop a, HanpaejaeH B
CTOPOHY ABHXKEHHS TOYKH
NpH BO3PACTAHHH €€ CKO+
poctu (puc. 1.1.10,a) 1 B npOTHBONONOXKHYIO CTOPOHY — NPH
y6uiBannu  ckopocty (puc. [.1.10,6).

Cocrapasiomiasi a, BEKTOpa YCKOpEHMs, HanpaB/eHHas
BJIOJb HOPMaJH K TPAaeKTOPUH B NAaHHOH TOUKE, HAa3hIBAETCSH
HOpMAAbHbIM  YCKOperuem. HopmanbHoe ycKopeHue Xapak-
TepH3yeT H3MEHEHHE BEKTOPa CKOPOCTH MO HanpabJeHHio
NpPH. KPHBOJIMHEAHOM JBHIKEHYH.

W3 puc. 1.1.10 BuaHO, UYTO BEJMUMHEI @, Q; H 4, CBA3AHH
MexAy cofoil COOTHOIEHNEM

a=V a:+al.

4°. Tlpn xaaccupukauuy MeXaHHUYeCKHMX ABMIKEHHI Mare-
pHaJbHOH TOYKH OJHOBPEMEHHO MO JBYM INPH3HaKaM — IO
¢opMe TPaeKTOPHH W MO XapaKTePy H3MEHEHHf CKOPOCTH —
pasiHyaloT YeThipe THINA JABHKEHHH]

Pnc. 1.1.10
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a) paBHOMEDHOe npsMoMHuHefiHoe, 6) HepaBHOMEpHOE Mps-
MOJIMHEHHOe, B) paBHOMEPHOe KPHBOJIHHEHHOE, T) HepaBHO-
MEpHOe KPHUBOJHHEHHOE.

Tacauna I.1.1

PapromepHOe ABHXKeHHE Heﬁg:,i"e“;ﬁ%“e
Hp”nmonn- a,=0, a,=0, a. #0, ap=0,
HeflHoe _ _
ABHIKCHEE a=0, a=0. a=a., a0,
v==const, v # const,
v =const, v % const.
Kpﬁuaonn- a,=0, an # 0, a, %0, a, # 0,
HelHoe
IBHMNeHHE a=a,, a#o0, a=Va£+an§ , a%0,
v=const, v % const,
v # const. v # const.

B rabauue 1.1.1 nmpuBeseHsl XapakTepHCTHKH YCKOPEHHH H
CKOpocTell 3THX THOOB JBHKEHHS.

1.5. PaBHomepHoe npsaMoaKkHeliHoe JBHKEHHE

1°, Ilpy paBHOMEPHOM NDPAMOJMHEHHOM JBHKEHHH Marepi-
aJbHOl TOYKH MTHOBEHHAS CKOPOCTb HE 3aBHCHT OT BPEMEHH
(v=const u v=const) u B Kax0ft TOUKEe TPAGKTOPUH HaNpaB-
JieHa BJOMb TpaexTopuu. CpeiHss cKOpocTb 3a Jo6oH npomMe-
JKYTOK BpPEMEHH paBHAa MTHOBEHHOH CKOPOCTH TOUKH: V. ,=V.
Taknm o6pasom,

Ar
V'———E.

2°, Tpadur v=v (f) npu paBHOMEDPHOM JBUKEHUH NpencTas-
NnsieTcst NpAMOM JuHMeH, napaseNbHOM ocH Bpemenn Of
(puc. 1.1.11).

Bug rpadukoB Uy=v,(f), v,=v,({) 1 U,=U,({) saBucur
OT HanpaB/eHusi BEKTOPa V H OT BHIOOPA MOJIOXKHTENBHOTQ
HaNpaB/JeHUs TOH WJIH HMHOH KOOPIHHATHOH OCH.

ITpumep 1. MarepuanbHas Touka M aBmkercsi pas-
HOMEPHO H MPAMOJUHEHHO CO CKOPOCTBIO V, INOJOXKHTENbHOE
HanpasJIeHHe KoopAvHATHOH ocH Ox coBmajaer ¢ HampabJjie-
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nueM Bektopa v (puc. 1.1.12,a). Tpadux v,=v,(f) ana sroro
cjiyuas npejicTaBjeH Ha puc. 1.1.12,6.

IMTpumep 2. Ecan nojoxuTeJbHOE HanpaBJeHHe KOOp-
AnHaTHOH ock Ox NPOTHBONOJOMXKHO BanpasJeHHIO BEKTOPa V
ckopoctd TouKH M (puc. 1.1.13,a), 10 rpadur v,=u,({)

x M v g

My o

» D: . a U.r.\ z

0 Z U b ¢ ]
Pue. 1.1.11 Puc. 1.1.12 Puc. 1.1.13

umeeT BUi, u3o6paxenunii Ha puc. 1.1.13,6. Opaunate Bcex
TO4YEK 3TOro rpaduka paBHbl ¥ OTPHUATE]bHHI.

3°. Ilpu paBHOMEPHOM M NPAMONHHEHHOM JBHXEHUH CO
CKOPOCTBIO V BEKTOD nepeMelneHnst Ar MatepuanbHON TOUKH 32
NPOMEXKYTOK BpeMeHH At={—1, paBen Ar=vAt.

Puec. 1.1.15

4°. Bua rpapuka nepememenus (I.1.2.1°) marepuampHoi
TOUKH BAOJAb J/O6OH M3 Ocefl NpPSMOYTrONBHOH J€KapTOBOH
CUCTEMB! KOODAMHAT NPH PABHOMEPHOM MPAMOJHHEAHOM JIBH-
KEHHH 3aBHCHT OT 3HAKa IPOEKUHH BEKTOPA CKOPOCTH TOUKH
Ha JI@aHHYI0 KOOpJMHaTHYI0 ocb. Hampumep, eciu npoekuus
Uy CKOPOCTH TOYKHM Ha KOODAHHATHYIO ocb Ox NOJOXHTENbHA
{puc. 1.1.14,a), T0 rpajux nepemewenns Ar, Baosp ocu Ox
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uUMeer BHJ, npeacTaBnenublt Ha puc. 1.1.14,6. Ecau xe v,<<0
(puc. 1.1.15,0), 10 rpaduk Ar,=Ar,(f) umeer BuA, u30Gpa-
XeHHpld Ha puc. 1.1.15,6. B oGoux cnyuasx TaHreHc yria
HakJoHa o rpadrka nepemeineHust K ocu Of (yroJ o OTCUH-
THIBAETCSl OT MOJIOXKUTENbHOrO HanpasJeHHs] KOOPAUHATHOM
OCH MNPOTUB 4YaCOBOH CTPENKH) COOTBETCTBYET MPOEKUHH U,
CKOPOCTH MAaTepUaNbHOA TOou-

KH Ha KOOPJUHATHYI Och OX o A
(em. puc. 1.1.14 u I.1.15): £ [ Zy Z
L, Puc. 1.1.16

Tpe —
TAe WM, U p; — MaciutaGel BIOJb COOTBETCTBYIOHIMX Ocelt rpa-
duxra nepememenusn (I.1.3.5°%).
5° Ilyte S, mpofinenHsiit MarepHanbHOH TOYKOA npu pas-
HOMEPHOM MPAMOJNMHEHHOM JABHMKEHHM 34 NPOMEKYTOK Bpe-
meHu Af=t{—t,, paBeH Mopgy/i0 Ar BeKTOpa nepemelieHUs
TOYKY 32 TOT IKe NPOMEXKyToK BpemenH. [lTostomy

S=vAt=v(f—1,)

CRJM, ecaH =0,
S=uvt.

Il p u M e p. MaTepuanoHas TOYKA ABHKETCA PABHOMEPHO
K NpPSIMOJIHHEHHO H3 NOJIOKEHHS C KOOPAMHATOR x;=3 M B
NoJIOKEHe ¢ KoopauHaToi x,=—b5 M (puc. 1.1.16). [Tepeme-
HIeHHe TOYK® BAOJbL KoopiuHaTHO# ocu Ox paBHO

Ar,=x,—x;=—bM—3M=—8Mm

(3HaK MUHYC yKa3biBaeT HA TO, 4TO TOYKA JABHXKETCH B OTpHIa-
TenbHOM Hampasienuu ocu 0x). [lyrb, npofiseHHBIA TOYKOI,
paBseH :

S=|%,—x;|=|—5M—3m|=8m.

1.6. PapHonepevenHoe NpaAMOJHHelHOe NBHKeHHe

1°. PasHonepemertoe npamosutelinoe Osumcerue sIBASICTCS
YACTHBIM CJIy4aeM HEPABHOMEPHOTO JBUXKEHHS, NPH KOTOPOM
YCKOpEeHHE OCTaeTCsl MOCTOSHHBIM M M0 MOAY/IO H [0 HAlpas-
Jennio (a=const). Ilpu sroM cpeauee yckopeHue a., paBHo
MTHOBEHHOMY ycKopenuio a(a.,=a). Hanpasaeno yckopenue
a Bjob TpaekTopHu TouKM. Hopmanbroe yckopenue (1.1.4.3°)
[Ipx 3TOM OTCyTCTEyeT (a,==0).

Ecay Hampas/ieHHe YCKOPEH!s a COBAAJIAeT ¢ HanpaBJeHeM
CKOPOCTH V TOYKH, ABHIKEHHE HA3BIBAETCA PABHOYCKOPEHHbIM.
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Monysp CKOpOCTH PaBHOYCKOPEHHOrO JBHMKEHHS] TOYKH C Te-
YeHHEM BPEMEHH BO3pacTaer.

Ecay nanpassieHnsi BEKTOPOB a M V NIPOTHBONOJIOXKHL, JBH-
XeHHe HasblBaeTcsl pagHosamedsenHoim. Mopynb cKopocTH
NP PaBHO3AMEJYIEHHOM J{BHKEHHH C TeYeHHeM BPEMEHH yMeHb-
maercs.

2°, MameneHue ckopoctH Av=v—v, B TeUeHHE IPOMEKYTKA
BpeMeHH Af=={—{, npH paBHONEPEMEHHOM [PAMOJHHCIHOM
IBHXKEHHH DaBHO

Av =a At,
HITH
v—vy=a (t—1,).

Ecau B MoMeHT Hauasa orcueTa BpeMenu (f,=0) ckRopocTb
TOUKH paBHa Vv, (HauaabHas CKOpocms) U YCKODEHHe a H3-
BECTHO, TO CKOPOCTb V B NPOH3BOJBLHBI MOMEHT BpEMEHH f

v=vV,4al.

[poexuus BexTOpa CKOPOCTH Ha ocb Ux NPSMOYroJbHOH
JIEKapTOBOM CHCTEMBE! KOOPAMHAT CBSI3aHA C COOTBETCTBYIONIHMU
NPOCKUHUSAMH BEKTOPOB HavyaJbHOH CKOPOCTH M YCKOpEHHs
ypaBHEHHeM

U, =", +a,t.

AnanoruyHO 3anuCHIBAlOTCH YPaBHEBHA ANA NPOEKUMHA BeK-
TOpa CKOPOCTH Ha APYTHe KOOPAHHATHbIE OCH.

[IpuBenennbie Bhpaxkenus A V H U, CHPaBEIHBH He
TONBLKO AJsi PaBHOYCKOPEHHOIO HJH PABHO3aMEJJIEHHOIO ABM-
JKEHHH, HO U JJIs PaBHOIEPEMEHHQTO JBHXKEHHS C U3MEHEeHHeM
Hanpap/IeHHsi CKOPOCTH Ha NPOTHBONONOKHOE.

3°. Bexrop nepemeleHus Ar Touku 3a NPOMEXYTOK Bpe-
meHd Af={—{, npu paBHONEpPEMEHHOM NPSIMOJHHEHHOM ABH-
JKEeHHH ¢ HauyaJbHOH CKOPOCTBIO Vo, M YCKODEHHEM a paBeH

t ]
Ar=v, At 2G0
a ero npoekuus Ha ocb Ox NPsSMOYTOJLHOH HEKapTOBOH CH-

CTEMbI KOODAMHAT (WJIM NepeMelleHHe TOHKH BJOJb COOTBET-
cTByloutell ocu koopauHar) npu f,==0 paBHa

a,l?
Ar, =0yt + —5

YpaBHeHus AJ1s NPOEKLMH BeKkTOpa nepemeuieHnsi Ha ocu Oy
n Oz 3aNMCHIBAIOTCS AHAJIOTHYHO.
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[IpuBesenubie BHpaxeHus uasi Ar u Ar, cnpaBeiuBbl A5
MOOLIX TNPAMONUHEHHBIX DAaBHONEPEMEHHBIX IBM)KEHUH, B
TOM uHC/e ¥ sl JABM)KEHMH ¢ H3MEHEHHeM HamnpabJaeHus
[lepeMellleHns] Ha NPOTHBOMNOJOKHOE,

4°, Tlyte S, npoiineHHbli TOUKOH 38 NPOMEKYTOK BPEMEHH
At=1—1, B paBHOYCKODEHHOM TIPSMOJHHEHHOM IABHXKEHHH ¢
HauaJbHOR CKOPOCTBIO Vo, H YCKOPEHHEM S
a, npyu t,=0 paseH

S:vot—}—%-z—.

Mpn v,=0 nyrs paBen

af?
-5 - [/

Tpadwk saBucumoctHn S=S(¢) s
STOTO0 PaBHOYCKOPEHHOTO JBHXKEHHS H300pakeH Ha pHC.
I.1.17.

5°. Ilpn paBHO3aMeAJIEHHOM NPAMOJMHENHOM IBHKEHHH
dopmyna nytu

Puc. 1.1.17

at?

S:vot—T

CnpaBeA/nBa TOJBKO JAO MOMEHTA TNpEKpailleHus ABHMKECHUS

(MM 0 MOMEHTa H3MEHEHHS HaNpaBNeHHs ABWXKEHMA) Iy,
KOTOpHIA MOXeT ObiTh HalifieH U3 yCAOBHA

v, =U,—at, =0,
OTKYJa

by ==

.

alg

IyTb, npoiineHnbiil TOUKOH 3a NPOMEXYTOK Bpemenn Af==

== f,—1y, PaBEH
2
0o
Su——QE-

Ipadux 3aBucumoctd S=S({) npu paBHO3aMEIJIEHHOM
JBIDKEHMH nipejictaBieH Ha puc. 1.1.18.

-6°. Ilpu paBHONEpEMEHHOM NpPSMOJHHEHHOM JBMXKEHUH @
u3MeHeHueM B MOMEHT BpPeMeHM f, HanpaBJeHHs IBUKEHWS Ha
MPOTHBONOJIOKHOE [IyTh, INPOHJEHHBH TOUKOH K MOMEHTY
BpeMeHHd ¢, paBsed

\
W a (Af)?
S=gt+—3
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TIe mepBoe c/araeMoe MPEACTaBJSeT NyThb, NPOHACHHBIH TOY-
KOA B paBHO3aMENJIEHHOM JBHMKEHHH OT HayaJbHOr0 MOMeHTa
Bpemenn =0 no MOMmeHTa BpeMeHu f,, a BTOpOE — HYTb
TOYKH [PH PABHOYCKODEHHOM JBHUIKEHHH 3a MPOMEKYTOK
Bpemenu Al={—I,.

I'paduk saBucuMocTH S=S (f) AJIsS TAKOr0 ABHIKEHHUS MPEX-
crapned Ha puc. [.1.19.

§
1
!
0 t F}
Puc. 1.1.18 Puc. 1.1.19 Pue. 1.1.20

7°. Ilytb, npofifeHHBIH TOYKO#l B paBHOMEpPEMEHHOM Mpf-
MOJIMHEAHOM JBHMKEHUK 32 HPOU3BOJIBHLIA MPOMEKYTOK Bpeme-
Hu Af={,—t;, MOxeT ObITb HafijeH MO 3afaHHOMY rpaduky
v=y(f) (puc. 1.1.20).

[Tyt cooTBeTCTBYeT IJIOWAAb, 3aIUTPUXOBAHHAA HA DH-
CYHKe.

1.7. CeoboaHoe naaeHue Tea

1°. Cgo600HbiM nadenuem HA3BIBACTCSA JBHIKEHHE, KOTOpoe
coBepiiafo Obt TENO TOABKO NOJ ACHCTBUEM CHJBL TFHKECTH
(1.2.8.3°) 6e3 yuera compoTHBJeHHs Bo3ayxa. [Ipu cBoGojtom
najieHuy Tesa ¢ HeGOMbIIOH BBICOTH A OT MOBEPXHOCTH 3emuH
(h&R3, rie R3 — paguyc 3eMsH) OHO IBUIKETCA C IIOCTOSHHBIM
yCKOpeHHeM @, HaNpPaBJCHHBIM N0 BEPTHKAAM BHH3.

Yckopenne g Ha3LIBaeTCA YCKOpeHuem C60600H020 nadeHun.
OHO OfHO ¥ TO Xe JJig BCeX TeM M 3aBHCMT JIMIIb OT BBICOTHI
Haj ypOBHEM MOpPs U OT reorpadHyeckofl mHpOTH.

2°, Ecnv B MOMEHT Hadaja OTcueta BpeMeHH (f,=0) Teso
HMENI0 CKOPOCTb Vo, TO MO HCTCUCHHUH NPOM3BOMBHOIO MPOMe-
KYTKa BpeMeHH Af={—{f, CKOPOCTb Tela MpPH CBOGOZHOM
najgesuu OGyner

=V, +gt.

IIpu HayanbHOU CKOPOCTM mafieHus, paBHON HYO (vo=0),
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CKOPOCTh TeNa B NPOM3BOJBHbIE MOMEHT BpeMeHH !
v=gt.
8° Ilyte A, npoiiaeHsbli TeJOM B CBOGOAHOM Naj€HHH, K
MOMEHTY BpeMeHH ¢

h=vot+‘g_;io

Eenn HauanbHasi CKOpPOCTh Tela paBHa Hymo (v,=0), TO

— &

h= %

4°. Monyab CKOPOCTH TeJla nocjie NPOXOMAEHRHA B cBOGOJ-
HOM DalleHun nyTa h

v=V 13+ 2gh
WIH, TIpH Uy=0,
v=V 2gh.

Ecan xoopmunatHaa ock Oy HanpaBieHa BePTHKaJbHO
CBEPXY BHH3, TO MOAYJb CKOPOCTH TeJa B TNPOU3BOJILHOH
TOUKE TPAaeKTOPUH € KOOPAMHATOH Yy

v=V1E+2g (y— ).

5°. TIponomxurensHocts At cBoGopHOro nevenus 6e3 Ha-
4aJbHOH CKOpoCTH (Vo==0) c BHICOTHI A

At=V2h/g.

1.8. JIBnxenne Teaa, OPOIIEHROro BEPTHKANbHO BBEPX

1°, Teno ABMKETCS1 BepPTHKANBbHO BBEPX C HauajJbHOH CKO-
pocThio V,. Ecam He yuMTHIBaeTCSl CONpoTHBJIEHHE BO3AyXa,
TO YCKOpEHHE Tejla PaBHO YCKOPEHHIO CBOGOAHOTO Nanenus g
(1.2.8.4°). Ha yuactke 10 HauBHICUIEH TOYKH NOABEMA JBUMKE-
HHe Te/a fBJSIETCS PaBHO3aMeJIEHHBIM, a Nocje JOCTHKEHHS
3TOH TOYKU — CBOGOJAHBIM NajfieHHeM 6e3 HAYaJdbHOH CKOPOCTH
(I.1.7.1°).

2°, CKOpocTb TeNa B MNPOM3BOJbHBLIN MOMEHT BpeMeHH ¢
OT Hauaja JBHXKEHHS He3aBHCHMO OT TOTO, paccMaTpuBaeTcs
AL TOABEM TeJa WM ero OnycKaHde Moc/e AOCTHXKEHHS
HaWBLICHIEH TOYKH, paBHa

v=vV,+4 gL
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3apaua. Teno GpoweHo BepTHKAJbHO BBEPX C HAYAALHOH
ckopoctbio 20 M/c. OnpenenuTb CKOPOCTH Tea Vi U Vy B MO-
MeHTBl BpemeHd f=1,5 ¢ u #,=3,2 ¢ OT Haua/ja ABMIKEHHf.
CunraTh, 4TO KOOpJAMHATHAd ochb Oy Hanpas/ieHa CHH3Y BBEpX.

Hano: v,==20 m/c, t;=1,5 ¢, ,=3,2 c.

Haimu: v,, v,

Pewenue: BrlpakeHds JUIf NPOGKUMH Uy M Uy, HCKOMBIX
CKOpOCTeH:

v]:yzvo_gti’ vzyzvo_gtm
OTKYyJa
vy, =(20—9,8. 1,5) M/c = 5 M/c,
Uy = (20—9,8.3,2)m/c g—l I m/c.

8HaKH NpoeKuuH Uy, U Uy, TOBOPAT O TOM, YTO BEKTOD CKO-
pocTH v; GyHeT HampaBjeH BEeDPTHKaJbHO BBEpX (TeNO ele He
JOCTHIJIO HauBHICHIEH TOYKH M0JbeMa), a BEKTOp V, — Bep-
THKAJbHO BHH3 (B MOMEHT BPEMEHH [, TeJNO JBHUMKETCs BHU3).

3°. BekTop mepemeuiennsi Ar Tesa 3a MPOU3BOJBLHBEIA MDO-
MEXYTOK BpeMeHH Af={—*{, npu ycaoBuu f,=0 paBeH

2
Ar=v,t +—%—-.

ITO COOTHOUICHKE CHPABEANMBO Ui JOGOro MOMEHTa Bpe-
MEHH { KaK NpU IBH:KEHHU TeJa BBEPX, TaK U NPU ABHXKCHUH
BHH3 [OC/IE€ HOCTHXKEHHS TEJOM HaMBBICIIEH TOYKH NOABEMA.

4°. B MOMeHT BpeMeHH #,, COOTBETCTBYIOLHH HauGOIbIIEMY
NOALEMY T€1a Haj TOYKOH OpOcaHHs (KOTAA Y=l HIH
BEICOTA TMOABEMA Tejaa MaKcuManbHa h=Hh, .. =lyaxc—Yo)s

v, =0, —gt, =0,
OTKYya
ty=-2.
g

B 3TOT MOMEHT HanpaB/eHHE ABHXKEHUs Teja H3MeHsleTcs Ha
[POTHUBOINOJIOKHOE,
MakcumaJjibHas BBICOTA NOAbeMa Tesa Haj TOuKo# 6pocaHus
2
vg
Pyane = Yuaxe Yo = 2g "
3anaua. Tesno GpocaloT BEpPTHKAILHO BBEPX C BBICOTHL Ay=
=1,5 M Hajg 10BepXHOCTbIO 3eMJH y Kpas sIMbl TV1yOHHOH

h=3,6 M. HavanbHas ckopocTh Teqa pasHa 2,3 m/c. Onpene-
JIMTb, B KAKOH MOMEHT BpeMeHH f, OT Hayana ABHeHHs (f,=0)
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TEJO AOCTUTHET JHa $IMBl, H HaWTH NYTh S, NPOHAEHHLIA TeAOM
32 3TO BpeMSs.

Hano: he=1,0 M, h=3,5 M, 1,=2,3 wm/c.

Haiimu: t,, S

Pewenue: CoBMecTHM Hauajo oTcuera KoopauHat O ¢
TOUKOM Opocavusl Tesla, a KOOpAMHAaTHyio ocb Oy HanpaBuM
BepTHKanpHo BBepx (puc. 1.1.20%). 3a-

BHUCHMOCTb KOODJAHHATHI Y T€Na OT BpEMe- ¥
HHY NPH 3TOM OyJeT ¥MeTh BHJ
v
y= Yo+ vot— 12, Py 470
rie Yy, — HauyajbHas KOODAMHATA, B [ g
[lonaras B 3TOM ypaBHEHHH [={,,
#o=0 u y=-— (hy+h), nmeem 7 .
b
t2
— (hy+h) = vt — g2K ! J
7’
OTKyJa Puc. 1.1.20%

gli—2vt, —2(h+h)=0 u & ="°iV”3+2g<”°+"),

4
Kopenb

4 o=V R+2 (1)
Kz—_ g

NPU 32JaHHBIX YCJIOBHAX He HMeeT PH3HUECKOTO CMHIC/Ia, TaK
KaK oxasbiBaercsl, uro #, <<0. Takum obpasom,

ly=1, =

_ otV A2 tuth) _ 234V CHFTTIBAFLID 5
= Z = 9.8 cx 1,00,

[lyte S, npoiinennviit Tenom, pased (puc. 1.1.20 *)
S= 2hmakc+ ho +h,
rie Hyacc — MaKCHMajdbHasi BhICOTA NOXbEMA TeNa Haj TOd-
2

o U
Koft 6pocaHus, NpHYEM hMaKc=?"g-. CneoBaTeNnpHo,

S=2% v phoB L p (@ 5 s 5 was s
=25 hoth=Shoth= (G 415435 ) uab5u.

5°. CKopOoCTb V, TeNa B MOMEHT ero BO3BpallleHHs B HCXOf-
HYIO TOUKY TOCJHe JABMXKEHUSI BepPTHKAJbHO BBEPX W BHH3
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paBHA MO MOJAYMIO HayaJAbHON CKOPOCTH Tesa: U,=U,. Hanpas-
JIEHHs BEKTOPOB V, M V, IPOTHBOMIONOMKHEL.

ITpogo/KUTEBHOCTH JBHKEHHA Tesla OT UCXOJHOH TOYKH
A0 Hausbicie# (Af;) M oT HauBeIcmrefl A0 HcxoaHoit (Af,)
paBHBI MeXAY COOO#:

At,=At, =22,

1.9. PaBHOmepHOE ABHIKEHME TOYKH O OKPYKHOCTH

1°. JIBuxeHue 110 OKPYXHOCTH SBJAAETCA MPOCTEHIINM
NPUMEPOM KPUBOJHHEHHOTO JBUMEHUS.

CKopocTb Vv JABHXKEHHsI MO OKPYMKHOCTH HA3bIBAeTCHA AU-
Hednod (oxkpyncrotl) cxopocmero. TIpu pasromeprom Osusceruu
10 OKPYXKHOCTH MOAYJb U MTHOBEHHO!
CKOpOCTH MarepuasbHol Touky (1.1.3.2°)
C TeYeHHEM BPEMEHH He H3MEHAETCS:
v=const (vy=vz=v, Ha puc. 1.1.21).
JBHXyluiasica To4ka 32 paBHbE [poMe-
KYTKH BpEMEHH MPOXOAUT PaBHbIE MO
JJIHHE JYTH OKPY2KHOCTH.

TaurenunansHoe yckoperue (1.1.4.3°)
OpH PaBHOMEDHOM JBHXKEHMH TOYKY
[0 OKPYMKHOCTH OTCYTCTByeT (a;=0).

Puc. [.1.21 UsmeneHne BeKTOpa CKOPOCTH V IO

HANpaBJIEHWIO XapaKTepHU3yeTcst HOp-

MaJbHLIM  yckopeHueM a, (I.1.4.3°), KoTopoe HassiBaeTcs

TAKKE YeHMPOCMPEMUMEAbHOLM YCKOpertuem. B Kaxaoft Touke.

TPaeKTOPHM BEKTOP a, HanpaBjJeH MO Pajuycy K UEHTPY
okpyxuoctu (puc. 1.1.21), a ero Moayiab paBeH

a,="UvYR,

rae R — pajguyc OKPYKHOCTH.

2°, Ilpu omMcaHHUM MEXaHUYECKOTrO ABUIKEHUS, B YaCTHOCTH
JABMIKEHHS 10 OKPYIKHOCTH, Hapsily C NPSMOYTOJNbHOH nekap-
ToBo#t cuctemoit koopaunat (I.1.1.3°) wucnonesyercs noasp-
Has cucmema koopOuram. Tlonoxenne Touku M Ha Kako#-to
mjaockocTH (Hanpumep, xOy) onpesensiercs ABYMS NOJISPHBIMH
koopaunaramu (puc. 1.1.22): momyseMm r paauyc-BeKTopa r
TOYKH U YIJIOM @ — y24080d KOOPOUHAMOL, WIH NOAAPHbIM
yeaom. YTON @ OTCUMTHIBaeTcst OT ocH Ox 0 pajuyc-BeKTopa r
npotuB 4acoBofi crpenku. Touky O B 3TOM Clydyae Ha3bIBAIOT
noACOM CUCTEMBl KOODAHMHAT.
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3°. CoBMecTUM MNOMOC KOOPAMHATHON CHETEMBI € LEHTPOM
OKPYKHOCTH, NO KOTOPOH JBHIKETCH MaTtepHajbHaf TOYKa,
TorAa r=R (puc. 1.1.23), a naMeHenne nonoxeHHs TOYKM Ha
OKPYIKHOCTH MOXeT OHTb OXapaKkTePR30BaNO H3IMEHEHHEM
Ag yraoeoii KoOpAHHATHI TOUKM (B npejesaX H3MEHEHHs
yraa ot 0 mo 2n):

Ap=q¢,—¢,.

Yron A nasviBaercs yzaom noeopoma Pajuyc-BeKTOPa TOYKH.
4°, Cpelneii yeroeol €KOPoCMbl0 ZBUMKEHMS TOYKH NO OK-
PYMHOCTH BOKPYT 3aJaHHOTO LEHTPa (WAH OCH) HasHIBACTCSH

¥

Pue. 1.1.22 Puc. 1.1.23

BeMYNHA @, PaBHas OTHOWERWIO yria nosopora Ag pa-
JIAYC-BEKTOPA TOUKH 32 NPOMEKYTOK BpeMeHH Af K AJUTENb-
HOCTH 3TOTO IPOMEXKYTKa:
Ay
mcpz—&—.
5° Yenosod cropocmeto (MeHOBEHHOU Y2a080L CKOPOCMbIO) ©
Ha3bBAeTCsl NPEAET, K KOTOPOMY CTPEMHTCS CPeaMsisi yIJoBas

ckopocTb (1. 4°) npu GeCKOHEUHOM YMEHLIUEHHH NPOMEXYTKa
Bpemenn Af:

o= lim o= lim %ctp_.
At=>0 At—0
6°. Tlpu paBHOMEDHOM JBHXKEHHH TOYKH 1O OKPYMKHOCTH
3a Jo0bie PaBHBIE NPOMEXYTKM BPEMEHM YIVIEI NOBOPOTa €e
pPaauyc-BeKTOpa OfnnakoBH. CNEAOBATENbHO, NPH TAKOM ABH-
JKE€HNH MTHOBEHHAs YIJIOBasl CKOPOCTb PaBHa cpejHell yrioBoi
CKOPOCTH: 0==0,,.
¥Yroa nosopora A¢p paaunyc-BeKTOpa TOUKHM, paBHOMEPHO
IBUXKYILEHACA 110 OKPYIKHOCTH, paBeH

Agp = At
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7°. Tlpomexytox BpeMedu T, B TeYeHHe KOTOPOrO TOYKa
coBepliaeT OMH MNOJIHBIA OBOPOT O OKPYXKHOCTH, HasbiBa-
etcst nepuodom obpauerus (hepuodom 8paujentis), a BeJIMYHHA
v, obparHas nepuoay:
vz /T,

— yacmomoil obpawienus (Hacmomot epaujeHus).
3a ojMH MepHOJ YroJd I0BOPOTAa DPaiMyCc-BEKTOpPA TOYKH
paBed 2m paj, nosromy 2n=wnT7, otkyia T=2r/w, uau

o == QH/T =2mv.

8°. Tlytb S npoiigeHHbI! TOYKOH, paBHOMEPHO IBHKYyLIeHcs
0 OKPYMHOCTH, 3a NPOMEXYTOK BpeMeHH Al={—f, npu
t,=0 pasen
S=vt.

9°, TlyTb, npofifeHHbIfl TOUKOft 32 OAUH NEPHOJ JIO OKPYK-
HOCTH pajuyca R, paBeH 2R, a yrojl mopopoTra pajuyc-Bek-
TOPa TOYKH 3a TOT K€ NPOMEXKYTOK BPEMEHH paBeH 27 paf,
T.e. 2nR=vT u 2n=wT. Or1ciofla HaXOAUM CBA3b MEKAY
JIMHEHAHOH H YIVIOBOH CKOPOCTBIO:

v=0R

1.10. Isuxenne Tena, GPOMIEHHOTO MOJ YIVIOM K TOPM3OHTY

1°. Ecay Teny cooGLHTh Ha4adbHYIO CKOPOCTD Vo IOJ, YIJIOM

o K TOPH3OHTY (—— —g- << —g— pau), TO €0 IABHXKEHUE Gy/eT

KpuBoauHelipiM. IIpu  ycnosun

y't h<R3, tae h — paccrosiHue Tena

OT moBepXHocTH 3emid, a Rz —

pandyc 3eMau B JaHHOR TouKe,

¥ Ge3 ydyeTa CONPOTUBJICHHSI BO3-

0 »= JlyXa MOXKHO CYMTaTh, YTO TpaeK-

\ TOpue ABasieTca napabona, Jaexa-

was, Hanpumep, B miockoeTu x0y.

Puc. 1.1.24 JBuxenne Gyaer paBHOIEpeMeH-

HBIM: YCKOpEHHe Teja MOCTOAHHO

W B J000ffi MOMEHT BPEMEHH paBHO YCKOPEHHIO CBOGOXHOTO
nagenus g (puc. 1.1.24).

2°. AHanus 3TOrO JABHMXKEHHSA YAOOHO NPOBOAUTL B ABYX

HHepuHa/bHBIX cucreMax orcuera (1.2.1.3°): B HenoxBHKHOM

x0y, cBszanHok ¢ 3emnedl, 1 B noxsuxuol x' 0y’ (puc. 1.1.25).

B pavanpHpii MOMeHT BpeMeHu f,==0 Hauaja OTCYeTa KOODAH-
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HaT O u O’ coBnajaT, a jajlee NMOJBHXKHAA CHCTEMa DaBHO-
MEPHO IlepeMelllaeTcsi BAOJb ocH OX HEMOJABUKHON CHCTEMBI
OTCYEeTa CO CKOPOCTBIO V,, MPUYEM Uy ==U, COS &.

JlBuKende Tesa B MOABMXKHOM CHCTEME OTCYeTa SIBJsleTcs
NPAMOJHHEHHBIM paBHONEPEeMEeHHBIM ¢ HA4aJbHON CKOPOCTHIO
Vog, NPHUEM Uy =0, sin &, H YCKoOpeHHeMm g.

vV &

Puc. 1.1.26

3. CKOpOCTb TeJa V B HENOABHXKHOH cHCTeMe OTcuera B
TPOU3BOILHLIH MOMEHT BpeMeHH ¢ OT Haya/a JIBHKEHHA paBHa
(1.2.7.2°):

V=V,+V, HIH V=V, +gi4V,.

Eciu nosoxurtesnbHble HaopaBjeHHs KOOPAHHATHBIX oceft
Ox u Oy BuIOpaHpl Tak, Kak nokazaHo Ha puc. 1.1.25,

U, =0y COSQ&, U, =0,sina—gf,
v=V 02 F Uy = V(v(, cos a4 (v, sina— gt)2
Yro.a HakaoHA 3 BEKTOPA CKOPOCTH Vv K ropusoHTy (puc., 1.1.26)

Uy Sin o — gt
Ug COS o

B = arctg

4°, Tlpu Tex e HANpaBJEHHsIX KOOpIAHHATHBIX ocell Ox
u Oy, yto u B 1. 3°, And Tea, GPOIIEHHOrO ¢ HAYAIbHOH CKO-
POCTbIO V, TopH3oHTaMbHO (00==0),

V=V gl u.=1,, % =—gl,
TG ¢
v=V 1+ (g} u P=arctg =& g .
5°. Cuetienus Tesa, GPOMIGHHOrO HOJ YIJIOM G K TOPH30H-
Ty, Ba0.1b ocell Ox 1 Oy HenoJBHKHOA HHepUUATbHON CHCTEMb

orcuera (puc. 1.1.25) sa npomexyTok BpeMenn Af=I[—I,
npi 1,=0 OyAyT paBHbI

, ¢
Ary=uytcosa u Ary=ulsina —-é—;—-.
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>

KoopauHaTsl Tela X M Y B HeNOIBHXHON HHepUMaabHO
CHCTEME OTCYeTa TNPH TeX XKe YCOBUAX

. gi?
x=yptcosa, y=1u,lsino-—=5.

2
Ecemn x40 u yo5£0, 10
t2

x=xyt+uvfcosa, y=1,+yisin oc-—-gT.
6°. MoMeuT BpeMmeHH !, COOTBETCTBYICILUI MaKCHMAaJbHOMY
noikeMy TeJa Haj TOYKOH OpocaHusd IpH

0 < o< 4 pa,

-onpeneasercs u3 yeaosus v,=0, 1. e. (1. 8%
v, sina—gt, =0,

oTkyla
l“ Qo sina )
g
MakcumaabHas BBICOTA My, HNOABEMA Teaa Hal TOUKOH
fpocaHHa paBHa
g sin? o
%

Nyaxe = Yuaxe— Yo =

.

3agaua. Teno GpouleHo NOA yraom az%pan K T'OPU30HTY

113 TIOJIOMKEHUS C KOCPAMHATOH Y,=5,0 M HaJl NOBEPXHOCTHIG
Scuam  (pue. 1.1.26%).  Hauanenas CKoOpocTh Teia paBHa
10 m/c. OnperenuTb KOOPMMHATY ¥,... HaHBbICiel TOUKH

NoABEMA  TeNa Hal [OBepX-

4 HOCTBIO 3€MJIM, KOOPAUHATY X,
TOUKH NajeHus Teda Ha mo-
. BEPXHOCTb 3eMAH 1 CKOPOCTH
| v, B 3TOil TouKe.
g Hano:
) oL == ?5‘ pa}l,

Yo=5,0m, u,=10m/c.

Puc. 1.1.26*

Haiimu: Yuaves Xu» Vi
Pewenue: Koopaunara nauseiCliel TOUKM TPaeKTOPHH
TeJla B CHCTEME KOOpAMHATHBIX ocell X0y, n3oOpaxenHOH Ha
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puc. 1.1.26%, onpenensercs caenyoieil hopmy.ioii:

2 g i
ymauc:ya_{"}%i: (5’0"}‘ W) M A 6,3M.

Hns onpenenenus x, H3 ycJoBHA y,=0 MOXKHO Haiity
BpeMst f, JBHXKeHMS Tena JO TOYKH HPU3EMJICHU;

2
0=y, 4 vy, sinoc— g2t,, ,
OTKyJa
4= sin oc—i—Vo% sin? o - 2gy,
n — =

g
_10.0,504 ¥ {10)%-(0,50)2+2-9,8-5,0
= 9.8

Bropoit KopeHb ypaBHeHHS NpH 3afaHHBIX YC/AOBUSIX Ha
HMeeT (pusHueckoro cmeicsia. CrefoBaTesbHO,

Xa="0,t cosa=10.1,6.0,87 M ~v 14 m.

ca~1,6c.

KOHB’-IH&H CKOpPOCTh T&J1a U,
v, =V (v, cos )2 4 (v, sin @ — gt,)? =
=)(10-0,87)+ (10-0,50—9,8 - 1,6)% m/c~14 m/c,

a yroan B mexay ocbio Ox H BEKTOPOM V,

vysina—giy 10.0,50—9,8.1,6 —
Ty 05 @ = (arcth> pan =~ 5,4 pax.

p=arctg

1.11. BpawareabHoe asmienne aGCOMOTHO TBEPAOro Teia
BOKPYT HENOABHXKHOI OCH

1°. JLasi KHHeMaTHYeCKOro ONUCaHus BpaliaTe bHOrO IBH-
KeHusa abcoOTHO TBepJOro Tena BOKPYr Kakof-To Henoi-
BHXHON OCH HCMOJBb3YIOTCS Te K€ BeJHYHHBI (M ypaBHEHHS:
CBA3H MEXJYy HHMH), 4TO M INA ONHCAHHA ABHIKEHHA TOYKH
10 OKPYZCHOCTH: YIJ10Basi KOODAMHATa KaKo#-IMOO TOUKH
Teaa (), yroJ noBopoTa pajuyc-BeKTopa r ToukH Ttena (Ag),
cpelHsia ¥ MIHOBEHHAs YIJIOBbIE CKOPOCTH (O, U ®©), JHHEH-
HBIC CKOPOCTH DA3JIHYHBIX Todek Tesa (v). IlpomexyTok Bpe-
MeHH T, B TeueHHE KOTOPOIO TeJO COBEPIIAET OAUH [OJIHbIH
060pOT BOKPYT OCH, HasblBaercs nepuolom 8pALyerus, a Be-
JM4HHA v, 00paTHAS NepPUOAY,— 4aACHOMOU BPA4CHUS.

2°, Tlpu BpamaTesibHOM JABHXKEHHU abCOMIOTHO TBEPAOrO
Tesa BOKPYr HENOABHMKHOH OCH 32 [POMEXKYTOK Bpewenn Af
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yTJBl NOBOPOTa PajuyCc-BEKTOPOB PA3JIHUHBIX TOUEK TesIa OfH-
HaxkoBel (Ha puc. 1.1.27 Ag;=Aq,). ¥roa nosopora Ag, cpen-
HASl O, ¥ MTHOBEHHAsA ® YIJIOBbIE CKOPOCTH XapaKTEPH3YIOT
BpalllaTe/bHOE ABHXKEHHe Bcero abCo/IOTHO TBEPAOro Tesla B
HEJsoM.

3°. JluneiiHas cKopocTb KaKOH-1HGO TOYKH aGCoMOTHO
TBEPJOro Tesa NPONOPLHOHAJABHA DPAacCTOSIHHIO R TOUKH OT
z OCH BpalleHHA!

U=(0R:2.TWR=% .

4°, Tlpu pasromepHOM BpAULAMEALHOM
Osusicertyy aGCOMIOTHO TBEPLOrQ Tesa yr-
JiBl TIOBOPOTA Tesa 3a Jo0ble paBHblE Npo-
MEXYTKH BpPeMeHH 0JHHaKOBBI (Ag=const)
1 MIHOBEHHasl yrjoBasi CKOPOCTb Teda
paBHa cpe/Helt YI0BOi CKOPOCTH (0=, ).
TaurennuasnpHble yckopenus a, (1.1.4.3°)
Prc. 1.1.27 y pas/iM4HBIX TOYeK abCOJIOTHO TBEPJOro
Tena orcyTcTBYIOT (a,=0), a HOpMaJsbHOE
(ueHTpocTpemMuTeNbHOE) ycKopenne a, (1.1.4.3° u 1.1.9.1°) ka-
KOH-7160 TOYKM Teja 3aBHCHT OT €e PacCTOfAHHA R 10 OCH
BpallleHHus:

2 4n?
an = .v—. = (02R = 4,7'(,2’V2R =S -T_2

BekTop @, HanpaBJeH B KaMJplll MOMEHT BPEMEHH IO pPajlycCy
TPAEKTOPHUH TOYKHM K OCH BpallleHHs.

5°. Tlpu Hepasromeprom epawsamervHom Osudxcerut abeo-
JIOTHO TBEPJOro TeJa yrJbl MOBOPOTa Tesa 3a Jio6ble paBHHIE
NPOMENKYTKH BPEMEHH HEeOAUHAKOBHI. YTJIOBas CKODOCTL Tesla
® C TeyeHyeM BpeMEHH H3MeHseTcH.

6°. Cpednum yerosom YycKopenuem €., B NPOMEKYTKE
BpeMeHH Af={,—{; HasbIBaeTcs (hU3NYECKas BeJHUNHA, PaB-
Hasi OTHOIIEHMIO WU3MEHEHHs YIJIOBOH CKOPOCTH A= ,—0;
BPALIAIOWETOCs Teia 3a MPOMEXKYTOK BpeMeHH Af K jauTeNb-
HOCTH 3TOr0 NPOMEXKYTKa:

_ Ao
Scp = —li—l— .

Ecan yrioBas ckopocTh 3a NpoH3BOJIbHBIE OAMHAKOBBIE
NPOMEXKYTKH BpeMeHH u3MeHsieTcd OAuHakoBo (Aw;,=Awg,
u T. A.), To g, =const (pasuonepemennoe epaujerue),
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7. Yenosoim ycropenuem (MeHOBEHHOIM Yea08biM  YCKOpe-
Huem) BPALIAOILETOCS Tela B MOMEHT BPEMEHH ! Ha3blBaercs
Be/IMYMHA €, paBHasA Npeleny, K KOTOPOMY CTPEMHTCS cpejiHee
YIJIOBOE YCKODEHHE 3a NPOMEXYTOK BpemeHd or ¢ ao f(-+Afl
IpH GeCKOHeYHOM yMeHsllenud Af:

gtl-rflog @ iltr—r:o At”

YT/10BO€ YCKOPEHHE DPaBHO Npeleny OTHOLIEHHA 3JeMeH-
TAPHOTO U3MEHEeHHUS! YIJIOBOH CKOPOCTH A® K 3/eMEeHTapHOMY
IPOMEXKYTKY BpeMeHH Af.

8°. llpu Bo3pacTaHHM YIJIOBOH CKOPOCTH TeJja BPallATe/h-
HOe JBHIKeHHEe HA3BIBAeTCsl YCKOPEHHbiM, a8 TNPH YObIBAHUU
YIJIOBOHL CKOPOCTH — 3AMEOACHHOIM.,

[Ipu paBHONEpEeMEHHOM BpalaTeNbHOM HBHKeHHH (1. 6°)
MIHOBEHHOE VCKOpEHHE Teja OCTaercsl HEeHW3MEHHbIM H COB-
najaer C€o CPeAHMM YIVIOBbIM YCKOpeHHeMm: e==g  =const.

9°. Vsmenenne Ao yrJioBolt CKOpoCTH a0COMIOTHO TBEPAOTO
TeNa 3a NPOMENKYTOK BpeMeHu Af=={—{, nNpu paBHOIEepeMeH-
HOM BpaulaTe/bHOM JBHIKEHHH C VIVIOBBIM YCKODEHUEM &

Aw=eldt=¢g(t—1,).
Ecan npu #=0 HayanbHaa yrioBas CKOPOCTb TeJa paBHA
©,, TO B [DOH3BOJILHLI MOMEHT BpEMEHH { YIJIOBas CKOPOCTh
Tes1a OyAeT
O ==, + &l.
[lpn w,=0 yr/ioBas cKOpPOCThb TeAad B 11POM3BOJLIEI MOMEHT
BpevieHH
= "-‘t

10°. Yros nosopora Acp TesNa BOKPYT OCH 32 IIPOMENKYTOK
BpeMenn Al={—{, OpH PaBHONEPEMEHHOM IBHXKEHHH
e (An)?
A =, At 4+ 2807 (

Ilpu ycaoBuu £,=0
el
ACP=0)Uf+—§-.
Ecmn w,=0 npu #,=0, 10

bt"
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F'rnasa 2
JUHAMHUKA JBH)XEHHUS MATEPHAJIbHONM TOYKH

2.1. Nepsuiit 3akcH HbioToHa

1°. B unamuxe paccMaTpUBaeTCs BAHSIHNE B3aHMONEHCTBUH
MeXJIy TenaMH Ha HX MeXanuuyeckoe Jsuxenue (1.1.1.1°).

Ocrosuas 3adada OuHAMUKU COCTOHT B ONpelencHud Io-
JOXKEHHs TeJa B NPOH3BOJBHBEI MOMEHT BpPeMEHH NOo H3BeCT-
HbIM HAYaJbHOMY TIOJIOXKEHHMIO Tesa, HauyadpbHOM CKOPOCTH
n cuaam (1.2.2.1°), ZzeficTByloluM Ha TeJoO.

2°. Ce0600HbIM (UBOAUPOSAHHBIM) MEAOM HABBLIBAETCA TN,
Ha KOTOPOe He JAEHCTBYIOT Kakue-aubC Apyrue Tesa HaH INoJs,

[pyu pelieHH HEKOTOPBIX 3afau TeI0 MOXEeT CUUTaThCs
CBOGOAHEIM, €CJ1M BHeIUHHEe BO3JeHCTBHS HMEIOTCH, HO OHH
ypaBHosemenst (1.4.1.2°).

Anajiornuno, marepruanbHas TOYKA cuHTaeTcs CBOGOAHOH
(H30/1POBAHHOM), €Ccay OTCYTCTBYIOT HJH CKOMIEHCHPOBAHB
BHellHHe BO3AEHCTBHA Ha Hee.

IIpu M3yueHHy NoCTYnaTeNbHOrO ABHXKEHHS TBEPAOTO Tesa
paccMaTpHBaeTCs IBMXeHHe HeHTpa mHepuuu teaa (1.2.3.4%).

3°. Iepevil 3axon Hotomona: mobas MatepuanbHas TOUKa
COXpaHsSeT COCTOSHHE NOKOSl MJH PABHOMEPHOIO NPSIMO/IHHEH-
HOTO JIBHXKEHHA JI0 TeX MOp, NCKa BHEIHWE BO3JCHCTBUA He
N3MEHST 5TOrO COCTOSIHHA.

Ilepeniii 3akon Helotona ycranaBanBaeT $akT cCyllect-
BOBARMs HHEPLHAJbHBIX CHCTEM OTCYeTa H ONHCHIBAET Xapak-
Tep ABMKeHHs CcBOOOAHOH MaTepuabHOil TOUKH B HHepuu-
anpHoil cucteMe orcyera. CHCTeMBl OTCYeTd, B  KOTOPBHIX
cpoffoanas MaTepHasibHas TOYKa NOKOWTCS WK ABHMKETCs Nps-
MOJIMHEHHO ¥ PAaBHOMEPHO, HA3BIBAIOTCS UMCPUUGACHBML Cli-
cmemnany omedemna. IlpsMoanHelinoe 1 paBHOMEPHOE jiBHKEH e
cBOOOJHOA MaTepuasabHOl TOYKH B HMHEPLHAJBHON cucTeMe
OTCUETA HAa3LIBAETCH WUHEPYuanbHoim Osudteruesm (Osusicerien
no unepyuu). Ilpy nHepUHANEHOM JABHIKEHHH BEKTOP CKOPOCTH
MAaTepHaJbHOH TOYKH He M3MEHSeTCsl ¢ TeueHHeM BpeMeHH HH
no HanpasJeHuio, HU no moaysmo (v=const). Ilokoil Toukn
ABAAETCHA YACTHLIM CJIY9aeM HHepUMAJbHOIC IBHKeHHA (v==
=const=0).

4°. VMuepuuanbnas cucteMa oTcyera JO/KHA OHITL CBA3aHa
€ HHEPUHAaNbHO ABHXKYIIUMCA meaom omcwema. Ilpu BriGope
TAKOrQ Tela B YCJOBUSIX KOHKPETHO! 3ajauyl HelpeMeHHO
JOJRKHEI OLEHHBATLCSA BHEIIHHME BO3ACHCTBHA HA HErO, €CJM OHH
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uMerorcst, GakT KOMIIGHCALIHY 3TUX BO3NEHCTBHH HJIH BO3MOMK-
HOCTb npeHe0peub UMM, a TaKXKe XapakTep IBHMKEHHs Tesa
B JIaHHBLIX YCJOBHSIX.

5°. Jlns onucaHUs MHOTMX MEXAHHYECKHX [BHXKEHHH B
3eMHBIX YC/IOBHSAX HHEPIHANBHEYIO CHCTEMY OTCYETA CBSISHIBAIOT
¢ 3emsell (eeoyenmpuueckas cucmema omcuema). Ilpu 3Tom
nperHebperaioT BpallaTe/NbHbLIM  ABHMKEHHEeM 3eMJH  BOKPYT
cobetBenHofi oc u Bokpyr Cosnmina.

bonee crporo nepseit 3akon Hrblotona BbinoJHAETCS B
eeauoyenmpuueckoti cucmeme omeqerna. Hauano otcdera Koop-
IMHAT TOH CHUCTeMBI COBMeLIAIOT
¢ uenrpom CoJiHIA, a KOOpAKHAT-
Hbie OCH NPOBOJAT B Hampa,Je- .
HHM Ha Kakne-qHGO olpereseH- 7;9};;;;;,—;77
Hble 3Be3]Ibl, KOTOPble MOTYT GHITH a
MPUHSTHL 32 HENOABHKHBIE. Y ! .

6°. Cuctemsl orcuera, B KOTO- ! ' v a
pbix cBofoaHas —MaTepuasbHam |

\
IS IIATT
TOYKa MJIM CBOOOAHOE TeJo He 7T
COXPAHAT CKOPOCTh JBUXKEHHS )
Heu3MeHHoH (Heunepyuarvroe dau- %
Jcerue), HA3BIBAIOTCHA HEUHepYyU- 8 V | ey
AABHOIMU CUCEMAMU OmcHema. R

HeunepuunaanHofi  sBAsiercs I =
cHCTEMA OTCYeTa, JIBHKYIIAACH C TSI
YyCKOpeHHeM OTHOCHTENLHO HHep- 8
uyasbHofl cHcTeMsl oTcueTa. B ne- Puc. 1.2.1
UHEPUHAIbHOA CcHCTeMe OTcueTa
Jaxke CBOOOLHOE TeJ0 MOMKET COBEpLIaTh HeuHepllajibHoe
IBHXKEHHE, T.e. LBUraTbCi C YCKOPEHHEM.

ITpuwmep. Ha HenoiBUKHOH TeNEXKE HAXOAHTCHA COCY]
¢ BOJIOH, B KOTOPO# 1JaBaeT fepeBAHHBIA 6pycok (puc. 1.2.1,a).
Ornucars niosefenne 6pycKa TIpH YCKOPEHHOM INPSIMOJIUHENHOM
JIBHNEHHH Te/lexKH BUPaBo, DONB3YACH ABYMs CHCTEMaMH
orcuera: |) HemoABHXKHOA MHEpUHASLHOH cHcTemolt, cBA3aH-
HO# ¢ Tcil NOBEpXHOCTHIO, IO KOTOPOH IBMIKETCS TesexKa
(ua puc. 1.2.1,6 nokasaun koopaunatusie ocH Ox u Oy sTo#
CHCTEMBI), H 2) HerHepUHaNbHOR cucTeMOH OTcyeTa, CBA3aHHOH
¢ yCKopeHHO BHKyiuefcs tenexkol (ocu O0'x" u 0y’ ua
puc. 1.2.1,6).

Dpycox Moxer paccMaTpuBaThC KaK CcBOGOAHOE Teuo,
u6o cuaa tskecru (1.2.8.3°) 6pycka ypaBHOBelIMBAETCS Bbi-
rankuparowed cunoil (1.6.2.3°), a BceMH HHBLIMH BO3JefiCT-
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BUAMH Ha OpYycOK MOXHO npeneGpeun. 3 onmita u3BectHO,
YTO NIPH TAKOM JBHXKCHHH Te/I€XKKH 6pycoK 6yjeT npubiuxarh-
¢s K JIEBOH CTEHKE COCyJa.

B nepBom caydae nopeleHune OpYCKa HCTOJKOBLIBAeTCH Ha
OCHOBaHHHM MepBOro 3akoHa IHpioToHa: cBOGOAHLIN 6pycoK
COXpaHsIET COCTOSIHNE NOKOS (HeH3MEHHOe NIOJIOKEHHE B CHCTeMe
koopzuHaT xOy), B TO BpeMsl KaK TeJiexkKa BMECTE C COCYAOM
nepeMelaeTcsi BNPaBO (1eBas CTOPOHA COCYJd YCKOPEHHO
npnfanxaerca K GpycKy).

Bo BropoM ciaydae OpycoK YCKOPEHHO (HEHHEDLHAJIBHO)
nepemeraercs BjaeBo 6e3 Kakux Obl TO HH ObL10 BO3ZeficTBUHM
11a HEro B 3TOM HaNpaBJeHHH, a TeJleXKa ¢ COCYACM 1OKOHTCS
B cucreme xoopaunar x'0’y’. Ulpn atom nepeHifl 3akon Heio-
ToHA i GpycKa He BBINOJHAETCA (6PyCOK COBEpLUAeT HEHHep-
LiHaJbHOE JBHIKEHHE, XOTS OH MOJKET CUHTATbCA CBOGCAHBIM
TEJIOM).

2.2, Cuaa

1°. Cusoti Ha3plBaeTcs BeKTOpHas (PH3nUecKas BeJaHYnHa,
ABJSIOWIASICS Mepoll MeXaHHUYecKOro BO3JEHCTBHSI Ha MaTe-
pHasbHYIO TOYKY HJIH TeJIO CO CTOPOHbI APYTHX TeJ WJH Io-
Jeii. Cuna NMONHOCTBIO onpefiesiena, €CJH 3ajaHbl ee MOAYJIb,
Hanpab/ieHue M TouKa npujoxenus. Ilpsmas, BAojb KoTtopoh
HanpaBJeHa CHJa, HasbiBaeTCA Aunuel Oelcmeus cuawi,

B pesynprarte heficTBUS CHJBI JaHHOE TEJO H3MEHAET CKO-
poCTh ABHMEHHs (npHoGpeTaeT yckopenue) MaH AedopMHpY-
erca (11.7.2.1°). Ha ocnosanuu 3THX ONBITHEX (akToB npo-
nspoputcs usmepenne cua (1.2.11.2°, 6°).

2°. Pasinunbie B3a¥MOJEHCTBHS, N3BECTHBIE COBpEMEHHOI
(M3MKe, CBOLATCH K ueThlpeM THIaM:

a) epasumayuoHHoe 63aumodeiicmaue, BO3HUKAlOMee MeXIy
BCEMH TeJaMH B COOTBETCTBHH C 3aKOHOM BCEMMPHOro Taro-
tenns (1.2.8.1°);

6) ssekmpomaznummnoe 63aumodelicmeue — MEXIy Tenamy
WAM YacTHLAMH, 00JajarollUMH 3JIEKTPHYECKHMH 3apsiaMH
(IT1.1.3.1°, VI1.5.A.1°);

B) CuabHoe e3aumodedcmeue, CYLWIECTBYIOLLEE, Hanphmep,
MEXY YacTHLAMH, H3 KOTOPHIX COCTOAT S/ipa aTOMOB, a TAKXkKe
wexJy Mesonamu H runeponamu (VI.4.3.5%), (V1.5.4.1°),

r) caaboe s3aumodedcmeue, XapakTepuayioliee, Hanpumep,
fIPOILECCHl NpeBpalleHdsl HeKOTOPHIX 3JEMEHTAPHBIX YacTHI]
(VI.5.4.1°).

Cuna KaK KoHYeCTBEHHAs XapaKTEPHCTHKA I03BOJAET Olla-
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HHBaTh JHIUb TIDABUTALHUOHHBIE H 3/EKTPOMArHUTHLIE B3au-
MojieiicTBHA. B Tex upesBbluailHO Ma/jbIX 06.1aCTSIX NPOCTpaH-
CTBa ¥ B TeX MPOLECCaX, B KOTOPHIX NMPOABJAIOTCA CHJAbHLIE H
cnadrle’ B3aMMOJIEHCTBUS, TaKHe NOHATHS, KaK TOYKa NpPU/Io-
KEHUS, JUHUA [efCcTBUA, a BMeCTe€ ¢ HUMU U CAMO NOHATHE
CHJIBI TEPAIOT CMBIC/T,

3°. B 3ajauax MeXaHWKNH YUUTHIBAIOTCH 2pasumaiuoHHbLe
cuave (cunst mazomenus) (1.2.8.1°) u 1Be pasHcBHAHOCTH
3JeKTPOMArHUTHBIX cuA — cuant ynpyeocmu (1.2.9.1°) u cuaet
mpenua (1.2.10.1°).

4°, Cuabl B3aUMOZEHCTBHS MEXKIY YacTAMH HEKOTOpOH
paccMaTpuBaeMOH CHCTEMBl Tesl HAsbIBAIOTCA BHYMPEHHUMU
curamu.

Cunpl BO3LeficTBUs Ha Teja JaHHOH CHCTEMBI CO CTOPOHBI
Tes, He BKJIOUEHHBIX B 3TY CHCTEMY, Ha3bLIBATCA SHCUHUMU
curQMUL.

5°. Cuctema TeJs, Ha KaMJC€ H3 KOTOPHIX He JelicTBYIOT
BHEIIHHE CHJIbl, HAa3BIBaeTCs 3amkHymoti (u30auposannol)
cucmemotl.

6°. Ecsin Ha Matepua/bHYIO TOUKY OLHOBPEMEHHO AEHCTBYET
Heckoabko cua (Fi, Fy, ..., F,), TO onn MoryT ObITh 3aMme-
HeHHl oJHO# cuiol Fg, HaswiBaeMoit pasHodeiicmeyrowieli cuol

U PaBHOH HX CyMMej n
Fy= > F,.

i=1

[poekiyn paBHOJEHCTBYIOWEH CHJE HA OCH NPAMOYTO/be
HOli JIEKapTOBOH cHCTeMbl KOODAHHAT PaBHBI a/ire6paudecKkuMm

¥
FZ - c--u-u-u--—o—-l' r_}
E : Y £
7 S04 ) A
U
Ay N7 7
/ y ki
g g Iy fff.z' /?,v nd
2 § %
Puc. 1.2.2

CyMMaM COOTBETCTBYIOIIMX NPOEKUMH BceX CHJ!

F2x=2Fix- FZJ/:ZFiy- FZz:z,Fiz-
i=1 i=1 i=1



42 OTAEJ 1. TJI. 2. IHHAMHUKA MATEPHAJIBHOM TCUKH

ITpumep. Ha marepuainnyio Touky M B niockocTH
x0y pedicreytor cunnl Fy, F; u Fy (puc. 1.2.2,q). Mx paeno-
rehicrsyionan  Fy MomeT 6vITb HafJleHa KakK 3aMbIKamoUlast
MHOrOyrospHHKa, nocrpoenytoro na cuaax Fy, F, u F; kak
Ha CTOPOHAX (ApAGUA0 MHOZOYSOAbHUKG CJOXKEHHA BEKTOPOB)
(puc. 1.2.2,6). Ilpoexkunu Fx, u Fs, paBHomedcTByIOmEH
cHnbl Ha xoopiaunatheie ocw Ox u Oy paBHH

Fse=F +Fy +Fsy FZy:F1y+F2y+Fay'
Monyne Fy pasHofeficTBYlomeHl CHJBI paBeH

Fi=y FiL+Fl,
2.3. Macca 1 umnyasc. [lnornocts

1°. Cuo#icTBO Tesa coXpaHATh CBOIO CKOPOCTb B OTCYTCTBHE
B3aUMOJICHCTBYS C APYTUMH TeNaM¥ Ha3BIBACTCSA UMEPMHOCMbIO,
®usnyeckas BeJUUYMHA, ABJAAIOIANCA MePOfi HHEPTHOCTH Ma-
TepHanbHOM TOYKM HJIM MepOH HHEePTHOCTH Tesla B mocTryna-
TEJIbHOM JBUXKEHUH, Ha3blBAeTCH UuUHepmHol maccol (m,).

2°, Macca xapaKTepusyeT H elle ONHO CBOHCTBO Tesl — HX
CII0COOHOCTH B3aMMOJENCTBOBATE C APYTUMH TeJaMH B COTJia-
cud ¢ 3aKoHOM Bcemupaoro tarorenus (1.2.8.1°). B stux
cly4asx Macca BLICTynaeT Kak Mepa IpaBHTaUMH, WJIH Mepa
TAFOTEHUA, H €€ HasLIBAOT epasuwmayuonnod maccod (my).

B cospemenHo#i ¢u3MKe ¢ BBICOKOH CTENEHLIO TOUHOCTH
YCTAHOBJ/IEHA TOXJECTBEHHOCTh 3HAYCHHH HHEPTHOH M rpa-
BHTAUMOHHOH Macc padHoro Teaa (m,=m,). [lostomy ux ne
pas/iHyaT M TroBOPAT NPOCTO O Macce meaa (m).

O6 wusmepenun maccsl Tena cm. 1.2,11.2°, 3°, 7°.

3°. B mexaunge Holotona cuuraercs, uto

a) mMacca Tesla He 3aBHCHT OT CKOPOCTH ero JIBUMKEHHs;

6) Macca Tesia paBHA CyMMe Macc BCeX YacCTHI( (UM mare-
pua/ibHbIX TOYeK), U3 KOTOPLIX OHO COCTOMT,

B) A1 JAHHOH COBOKYIIHOCTH TeJ BHINOJHAETCS 3AKQH CO-
xpasenus maccet: npy JoOBX [poleccax, MPOHCXOASIIHX
B CHCTEME TeJs, €e Macca OCTAeTCH HEeH3MeHHOH,

4°. Lenmpom macc (yenmpom unepyuu) CACTEMB MATEPH-
aJbHBIX TOUEK HA3LIBAETCS TOYKA, Pajnyc-BEKTOp I KOTOPOH
ONPeJeNsAeTCs BblpaxKeHHeM

n
Zm[r[

i=1

n !
2 m
(=1

rc =
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Tjie ny; — macca i-fi Matepua/JbHOH TOUKH CHCTEMEI, Iy — ea
paluyc-BEKTOD, 7 — YHCJA0 MaTepHaJbHEIX Touek. LleHTp Maco
SIBJISIETCA TOYKOH, B KOTOPOH MOKET CUMTATLCS COCPENOTOYeH=
HOH Macca Tesa IpH €T0 NOCTYNAaTebHOM [ABHXKEHHH.

5°. Hmnyasvcom p; MatepHaibHOH TQUKH Ha3bIBAETCH BEK~
TOPHAs BeJHMYMHA, PaBHAs NMPOM3BEIEHMIO MACCH /71; TOUKHM HA
CKOPOCTBb V; €€ JBHKEHUS:

Bi=mv;.

HUmnyase p cucteMul, cocrosimed H3 # MarepHaabHBIX
TOYEK, PaBEH CYMME HMIYJIbCOB BCEX TGUEK CHCTEMBI:

n n
p= 2 P; :i§1 m;v;,

i=1

UM NPOM3BENEHHIO CyMMapHON MacChl TOUEK CHCTEMBI

n
m== Z m; Ha CKOpPCCTL V. IIOCTYNAaTe/JbHOIO JABHXKCHHA €6

=1

HeHTpa Macc:

n
n 2 mv;
p=2. m-=t— —mve.
i=1 3 m
i=1

6°. Koopaunars £, y, z (M1 pagnyc-BeKTOp r) H CKOPOCTh V
MaTepuaspHOll TOYKH B JaHHOH CHCTEMe OTCUETa ONpPELEesfioT
MEXQHUYECKOe COCMOAHUe MaTepuanbHo#l ToukM, Ilpm H3Mme-
HeHun XoTsl Gl OZHOH M3 3THX BeJMYUH MaTepHa/jbHasd TOuKa
NepexoJiT B HOBOE MeXaHHYeCKOe COCTOSIHHE.

Kaxa0My MexaHHYeCKOMY COCTOSIHHIO JaHHOR MarepHalb+
HOA TOUKH b AAHHOH CHCTEMe OTCYeTa COOTBETCTBYET BIIOJIHG:
cnpeseneHtblll UMIYyALC, HE 3aBUCAIME HM OT DPOLECCOB, B
CoyJAbTaTe KOTOPLIX TOUKA OKa3asach B JaHHOM MeXaHuue-
CKOM COCTOAIIM, HH OT MNPEJbIAYIIMX HAM NOCAeAYIOHX ee
vexavuueckux cocrosHufl, IoatoMy umnyasc Aaeasemcs QynK-
yuet MexaHiiI 020 COCMOAHUA MaTepuaibHOH TOYKH,

Wnepunansioe pukenne (1.2.1.3°) matepuanbHOfl TOUKH
H HHEpUHAJbHOE HOCTYNATCibHOE ABHXCCHNE Tesa KOHEeUIHIX
pasme; 0B HE CONPOBOXKAAIOTCA H3MEHEHHSMH HMIYJbCOB.
[lpn HennepuuasnbhoMm asuxennu (1.2.1.6°) tena unanm mare-
pUaJbHON TOUKM HX HMIYJbCHI M3MEHSIOTCA.

7°. Cpedueti naomuocmoro Tela Ha3HIBACTCA BENUYHHA Py,
paBHas OTHOILCHMIO MaccHl /m TeJa K ero oOneMy:

Pep=mfV.
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[aomuocme p Tena B ZaHHOH TOYKe paBHA Mpenesy OTHO-
meHust maccel Am ajeMexra Tesia, BHOpAaHHOrC B OKpeCT-
HOCTH JaHHOM TOYKH, K ero ocObeMy AV npu HeorpaHHYeHHOM
yMeHbiIeHHy AV

p= lim 2%
AV—>0 av:

Ecanu Teno ofHOPOAHO, TO
p=p,=m/V.

2.4. Bropoit 3akon HbloToHa

1°. Bmopod saxon Hbromouna: yckopeHue, mpuoperaeMoe
MaTepualbHOH TOYKOH B HHEPUHANLHOH CHCTEMe OoTcyera,
NpsAMO MNPOMNOPLUOHAJIBHO JefCTBYIOLIel Ha TOUKY CHJIe,
00paTHO NpONOPUHOHAILHO MAacce TOYKM H Mo HalpaBJeHHIo
COBIIAJaeT C CHUJOM:
F
""'77.

a=—

B Tako#t ¢opme 3aKoH cHpaBeliMB A9 MaTepHaJbHON
TOUKH, Macca KOTODOH B TedeHHe BpEMEHH JEHCTBHS CHJIBI
He usMeHserca. OH cnpaBeiIuB TakkKe I/ [OCTYNATeIbHOI'O
[BHXKCHHSI HEM3MEHHOro IO Macce TeJa KOHEUHBIX PasMepoB.
B nocnennem cayyae IoA m ciaelyeT NOHHMATh Maccy Teda, a
1oJ a — ycKopenue /moBoil TOUKH TeJsa, HANPUMep ycKopelile
uentpa macc tena (1.2.3.4°).

[Tpoexuun yckopeHus marepuanbHON TOYKH W/ HOCTyMa-
TeTbHO JBHXKYIEroCsd Tesa KOHEYHBIX pa3MepoR Ha OCH OpA-
MOYTONbHOA [eKapToBOH CHCTEMBbI KOOpPAMHAT BBIPAXKAIOTCA
COOTHOIIEHHAMY
Fy F,

aQ,=—,

F
ax:—r—n&’ Q= m

Y m?

2°, YpasHeHune Broporo 3akoHa HbloTona B Gosee ofmieit
¢dopMe HMeeT BUI

. Ap . Any)
F=lim =5 = lim ——=,
a0 AT Ay AL

Ecan cuaa F nocrosnna, 10
__Ap A (mv)

e

At T AT
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rie Af — mpoMexyTOK BpemeHM, B TeyeHHe KOTOPOro Ha Ma-
TEPUANbHYIO TOYKY MJAH INOCTYHATENbHO MBMXKYILEecs TeI0
jerictBoBana cuja F, a Ap=A (mv) — usMeHenue nMny/nca
TOYKH HJM Teja 3a 3TOT NPOMEXYTOK BpPEMEHH.

CHia, JefCTBYIOILas HAa MaTepHaNbHYK) TOUKY (Teqc),
paBHa W3MEHEHMI0 HMIYJbca TOYKH (Tesa) 3a eAMHUYHBIA
NpOMEXYTOK BpeMmeHd. CuJja sBJSETCA MepPOH M3MEHEHHA
uMIyJabca ToUKu (Te1a) 3a eMHHUYHBIH NMPOMEKYTOK BPEMEHH,

Vnaue ypaBnenne Broporo sakoHa HpioToHa MomxeT GbITh
3anHCaHoO B BHjE

FAt=Ap=A(mv).

Tlpoussenenue cuant F Ha npoMexyToK Bpemenn Af, B TeueHue
KOTOPOTO CHJIA JIefiCTBOBaJa Ha TOUKY HJH TeNo, HOCHT Ha-
3BAHUE UMAYALCA CUADL,

Hmnyabe cuami, JeficTByloiefl Ha MaTepUaJbHYIO TOYKY
(Teno0), paBeH M3MeHEHHIO HMIyJibca TOMKH (resa). Mmnynbc
CHJIBI ABJACTCA Mepofl AeHCTBHS CHJBI BO BPEMeHH U MEpoH
U3MEHEeHUS UMIYJbCa TOYKH (Tena).

3°. Bropoit sakon HbiotoHa B Gonee obueit dopme cnpa-
BeANYB M B.Te€X cJydasx, KOTJa Macca m MaTepHaNbHOR TOUKH
(11 noctynarenbHO JBHAKYILErocs TeJa KOHEUHLIX pa3MepoB)
H3MEHAETCH He TOJbKO ¢ TeueHHeM BpeMeHH (KakK, Hanpumep,
1IpH 1I0JIeTe PaKeTwl), HO B N0 Mepe U3MeHEHHs] CKOPOCTH TOUKH
AW Tena. D10 GuiBaeT npu GoJbIMIMX CKOPOCTAX ABHXKEHHS,
npubInKaOWMUXCA K CKOPOCTH cBera B Bakyyme (IV.4.2.1°).

Ha ocnoBanun Broporo sakona HeioToHa MoOxHO 3aKo-
YHUTh, YTO H3MEHEHHSI CKOpPOCTeHl MaTepHaNbHBIX TOUeK WJH
TeJl APOUCXOASIT HE MFHOBEHHO, a B TeueRHe KOHEUHLIX npoMe-
XYTKOB BpeMeny. Hanpnmep, u3 ypaBrenusi BTOPOro 3akoHa
Heiotona jna tena ¢ nocrosiinoil Maccoll (FA{=mAv) cae-
ayer, uro npn Av=£0 pe moxer Gerte Af=0.

4°, Ecsin Ha MaTepualbHYIO TOYKY OJHOBpDEMEHHO aeHcT-
ByeT HECKOJbKO CHJI, TO Ka)KJas H3 HHMX COOOL3eT TOUKe
TaKoe ke ycKopeHue (ompezessieMoe BTOPBIM 3aKoHoM Hbio-
TOHA), 4TO U NPH OTCYTCTBHHU APYrux cija. B sToM 3akouaercs
npunyun Hesasucumocmu Oeticmeus cua.

PesyabTHpylomee yckopeHue ay, NpHOOPETEHHOE TOYKOH
C MaccoH m OT Bo3JeiCTBHsA HA Hee HECKOJAbKHUX CHJ, ompeje-
JseTcsl B COTJIacMM CO BTOpbIM 3akoHoM HeloTona:

F

az=—,

rae Fz — pasuogeiicrBywoman cuaa (1.2.2.6°)
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5°. Cusia uM paBHOJAEHCTBYIOMAA HECKOJbKHX CHi, ofec-
NeyYyBaoNas ABHXEeHHe MaTephasibHOR TOYKM (MW Tesia) 1o
OKPYHHOCTH, HasbIBaeTcsl yewmpocmpemumersrod curoti. Ona
Hanpas/jeHa K LEHTPY OKPYXHOCTH.

6°. Ecau Ha cucremy MatepuanbHeiX ToueK JelcTByer
HECKOJIbKO BHEIIHUX CHJI, BEKTOpHAsl CyMMa KOTOPHIX paBHa
Fs snewn, TO YCKOpEHHE ac LEHTPA Macc CHCTEMEI ONlpeslenAeTcs
B COrJIAacHH CO BTOpHIM 3aKoHOM Hetorora:

FEBHemH

ac = m ’

rpe m — CyMMapHaa Macca BCEX TOUYEK CHCTEMBI.

2.5. Tpernit 3akon HploToBa

1°. Tpemuid 3akon Horomona: cuibl B3aUMOJEHCTBUS ABYX
MaTepHaNbHBIX TOYEK B HHEPUUAIBHOH CHCTEME OTCYETA PaBHBI
10 MOAYJII0O H HanpaB/ieHbl B NPOTHBONOJOMKHBIE CTOPOHBI:

Fio=—Fp,

rae F;, — cuna, peiictByionas Ha i-10 TOYKY CO CTOPOHBI A-fi
TO4YKH, a F,; — cuna, gedcTByIomAan Ha k-10 TOUKY CO CTOPOHBI
i-fi. 3HaK MHHYC B 3TOM YD4BHEHHH YKasblBaeT Ha NPOTUBO-
TIOJIOKHYIO HaNpaB/eHHOCTb BEKTOPOB CHJI.

Tpernii 3akon HelotoHa oTpaxaer GakT paBHONPaBUs B3au-
MozelCTBYIOIUX MarepHaibuplx Todek. Cuinl Fy, u F, npu-
JIOXKEHB! K DPa3HBIM TOYKAM U MOTYT B3aMMHO YpaBHOBEIIH-
BaThCsl TOJIBKO B TOM CJiy4ae, KOTAa ofe TOUKM HPHHALIeXAT
OJHOMY M TOMY 2Ke aGCOJIIOTHO TBEPAOMY Tesy.

2°. B cBfian ¢ Tem, 4TO CKOPOCTb PACHPOCTPaHeHHs TpaBH-
TAUMOHHBIX M JIEKTPOMArHUTHBIX B3aHMOLEHCTBHI KOHeuHa n
paBHa ckopoctd csera B Bakyyme (V.4.4.4°), npuMernMocTs
TpeTbero 3akoHa HbloToHa K MaTepHanbHBIM TOYKAaM WJH Te-
JaM, He HaXOoAslluMcs B HENOCPeJCTBEHHOM KOHTaKTe, orpa-
Huuena. Hanpumep, ecniit 6b nouemy-ro JlyHa Buesanno
nepemyia Ha HOBYIO OPOHTY, CHJbI B3aHMOJEHCTBHSA MEXIy
Jlyno#t u 3emseii u3MeBMIHCh OBl He MTHOBEHHO, a CNycTH
HEKOTOPHIH npomexkyTok Bpemenu. B npepenax storo npowme-
KYTKa TpeThuM sakoHom Hpiotona Hen3st GbL10 GBI BOCNOMIb-
30BaTbCq. IIpH OleHKe «KOHTAKTHRIX» B3aMMOAEHCTBHilI Mare-
pPHaJBHBIX TOYEK WM TeA NOAOOHBIE OrpaHMYeHUs OTNAARIOT,
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2.6. 3aKOH COXpPaHEHMAl MMOYJbca

1°. Eciu B HHEPUHAJbHOH CHCTEME OTCYeTa PACCMATPH=
BAETCA CHCTEMA, COCTOSINAs M3 N MaTepHasbHBIX TOYEK HJH
U3 7 TOCTYNATEJbHO ABHIKYIIHMXCA abCONIOTHO TBEPABIX Tel,
TO Ha OCHOBAHHM BTOpPOTro 3aKoHa HeloTcHa

A
(Ziflh) =Fue+Fu+... + F1n+ F swewn

A (mavs)

A? :F21+F23+'"+F2n+F2BHemH’

A (mpv,
(,Ztv ) = F"1+F"2+ v +Fn(n—1)+Fn BHEIH?

rje cuMBojdamu BHAa F;, 0603HauYeHbl BHYTpeHHHe CHJLI B3au-
MOJEHCTBUS Tead cHCTeMbl, a F; ... — PaBHOJEACTBYIOlas
BHEIIHHX CWJI, TIPUJIOKEHHHIX K [-MY Teay cucremsl. Cl0XKHB
JIeBbie M TIpaBBleé YacTH 3TUX YpaBHEHHH, HMeeM

n

Amv, A
4 (At ):FZEHYTD‘]FFZBHemH, WIH Z%:FEBHYTD—}_FZBHELUH)
i=1

rage Ap — n3MeHeHHe CYMMapHOIO HMIyJbCa CHCTEMBI 34
npoMexyToK BpeMeHH Af, Fy guyrp — CyMMa BceX BHYTPEHHHX
cuJl B3aumMozelcTBUS vacTell cucTeMbl, a Fyxpyemny — CyMMa
BCEX BHEIIHHUX CHJI, AEHCTBYIOLIMX HA TeNa CHCTeMB. TakK Kak
Ha OCHOBaHMH TpeTpero 3akoHa Heiotonma F;,=—F,;, T0
FZ BHyTp=0 H

A
A_l; - FE BHEIIH»

T. €. U3BMEHEHHEe CYMMapHOro UMNyJbCa CHCTEMBI ONIPEAL/AETCS
CyMMOﬁ OJHHX TOJbKO BHEWIHHX CHJ.

Hsmenenns HpOEKLLHﬁ HMITyJibCa CHCTEMBL TeJ Ha OCH nps-
Moyl‘OJleOfl lleKapTOBOI'jI CHCTEMBI KOODJHHAT OIpeie/IsIoTCA
YpaBHECHHSIMH

Apy Apy Ap,
T=F}.‘. BHEIUH 9 —Zt—ze BHELIH, ) 'AT=F2 BHEWH ,*

2°, Ecau cucrema 3aMkHyTa, T0 Fypuewn=0 (TaK Kak
BHEIUHHE CHJIBI He JeHCTBYIOT HM Ha OJHO TeJO CHCTEMH) M

ap _

47 =0 mm Ap=0, unau p=const.
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B 310M 3aKMI0UdeTCH 3AKOH COXPAHEHUA umnyavca LA 3aMK-
HYTOl CHCTEMBI TeJl: B MHEPLMAIbHOH CHCTEME OTCueTa Cymmap-
Hblil HMIYJIBC 3aMKHYTOH CHCTeMbl TeJl C TEYEHHEM BPEMEHH
He H3MeHseTcd.

BsauMmopeBicTBae MEXAY TeJaMH 3aMKHYTOH cHCTEMBl MO-
XKeT NPHBOAMTH K H3MEHEHHIO HMIYJ/BCOB OTACAbHLIX TeT, K
nepejaye WMIyJbCa OT OAHOTO Tela K APYromy, HO STO HE
CKA3bBACTCS HA U3MEHEHHH CYyMMapHOro HMMyJbca Beeh
CHCTEMBI.

[TocKoJILKY HMIY/IbC CHCTEMbl PaBeH NPOM3BEAEHUIO MACTHl
m cHCTEMBI Ha CKOPOCTh V¢ €€ LIEHTPa MacC p=mvc¢ (1.2.3.5%),
A1 3aMKHYTOH CHCTEMBL

p = mv¢ = const,

OTKYyZa
v ==const,

T, e, HEHTP Macc 3aMKHYTOH CHCTeMbl Tl B MHepLHa bHOM
cHCTEMe OTCUeTa IBHMIKETCsi NPSIMOJHHEHHO U PaBHOMEPHO.

3°, 3aKOHOM COXpaHEeHHs HMIYJbCa MOXKHO BOCIO/L3O-
BaTbesl, ONHCHIBAs TOBeJEHHE HE3AMKHYTHIX CHCTEM Tel B
CJAEAYIOMHUX YaCTHBIX C/ydasx:

a) Buemnue cuJpl, AeHCTBYlOILME Ha JA1060e TEJO CHCTEMBI,
YpaBHOBEUIHBAKOTCA (8 arom cayuyae Fy ppeun=0).

6) Tlpoekuus CyMMbl BCeX BHEIIHMX CHJI Ha KaKyo-1u60
KOODJMHATHYIO OCb PaBHa Hymo. B aTOM ciydae rosopsr o
30KOHE COXPAHEHUS NPOEKYLUL UMIYALCA HEBAMKHYMOU CUCINeMb
Ha dannyro Koopdunamnyio ocv. Hanpumep, rnpH Fy suewn, =
HMeeM p,=const, XOTsl IPOSKIHI HMIYAbCA HA APYIUE KOOP-
JuHATHBlE OCH C TedeHHeM BPEMEHH MOTYT H3MEHATLC.

R
R 4

I G
3 g & ANNSANRRRNRNANN VY

¢
) TN 7 ,"{

YA 17 P
Yy v [;;] i ’ v, gk Y ‘{2
d T Ub [OIE®] 5
I i g SOINNNNMY
Puc. 1.2.3 Puc, 1.2.4

Mpusmep 1. Cucrema ABYX TenekeK, MEKAY KOTOPLIMH
noMenleHa cxkaras npyxuasa (puc. 1.2.3,a), He ABJsfeTCH
3aMKHYTOH, TaK Kak Ha TeJeXKKH AEHCTBYIOT BHEIUHHE CHbL
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cuanl TskecTH Py u P, (1.2.8.3°) u cussl peakuun Ry U R,,
Ho ecoin cunnt Py u Ry, a Takxke P, u R, ypaBnosemnsaiorcs,
TO K CHCTEMe MOXKHO NIPHMEHHUTh 3aKOH COXpaHeHHA HMIYJ/bCa,
B corsacuu ¢ 3THM 3aKOHOM, HanpuMep, OyJeT OCTaBaThCs
HEH3MEHHLIM HOJIOHKEHHEe UEHTPa MacC CHCTeMBl TeJleXeK B
HHepuHadbHOH cucreMe orcuera (xOy) 1ocse TOro, Kak Inpy-
KHHA NMPUBEIET UX B ABMKeHue (puc. 1.2.3,6).

[Tpumep 2. Ilocae BeicTpesa M3 OpyAust, HaxoAsflle-
rocs na maardgopme, miathopma orkatbiBaercsi (puc. 1.2.4),
Ckopoctb v, oTkara nnathopMbel MoxKeT ObITh HafileHa H3
3AKOHA COXPAHEHHs! [POEKLUHH HMIYJbCad HA KOOPAHHATHYIO
och Ox. Tlpoekuus HeypaBHOBEUIEHHOI MOC/e BBICTPena CHJIbL
TSKeCTd cHapsiga P, (aBasowefics BHemmHe# cuoif) Ha och Ox
pasna HyJo (P.,=0).

2.7. MexaHu4eCKHd TPHUHIMUN OTHOCHTEILHOCTH
Tanunesa — HbloToHa

1°. Cesi3b MoOJIOKeHH{T MaTepHa/NbHOH TOYKH B ABYX Npo-
H3BOIBHLIX HMHEPHUAJBbHBIX CHCTEMaX OTCYETa ONUCHIBAaeTcs
npeodpazosaruen [ aiures:

r' =r—(r, + uf),
TAe r i r' — pajnyc-BeKTOpbl MaTepHa bHO! TOYKH B IEPBOM H

BTOPD;I CHCTeMax oOTcueTa, U — IOCTOsIHHAA CKOPOCTh PABHO-
MEpHOTO H HpﬂMOﬂHH&ﬁHOI‘O JABHZKEeHUA BTOpOﬁ CHCTEMBI

Puc. 1.2.5

OTCUeTa OTHOCHTEIBbHO MepBoil, ry-— pajHyc-BEeKTOp, IpoBe-
Jedliplil W3 Hagala oTcYera KOOPAMHAT NEPBOH CHCTEMB! B
Haua.10 OTCYeTa KOOPAMHAT BTOPOH CHCTEMBI B MOMEHT BpeMeHi
t,=0. Ha pnc. 1.2.5,a nokasansl xoopiauHaTHBIE OCH XYz H
¥'1'2" ABYX cucTem otcyera W MatepHainliag Touka M B na-
uaIbHLin MoMenT spemenu f,=0, a ma puc. 1.2.5,0 — ocH u
TOUKd CNYCTA NPOMEKYTOK Bpemenu Al =i{-——i,,
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CBa3b KOOpJAMHAT MaTepHaAbHOH TOUKH B OGEHX CHCTEMAX
OTCYETa ONUCHIBACTCH CHCTEMOH YypaBHeHHI

’=x—(x0+uxt), y':y—(yo+uyf), z'=z——(z0+uzz‘)

(npeobpasosarue koopdunam I'anuires).
Ilpu sTOM CcumTaercs, YyTO TeueHHE BPEMEHH BO BCEX HHEp-
HUAJbHEIX CHCTEMaX OTCYeTd TPOMCXOAUT OIAWHAKORBO:

At = At

(abcoaromnoul  xapakmep epemenu 8 mexanuxe Hoiomona).
2°, CkopocTd MaTtepnasbHOH TOYKH B OGeHX cHCTeMax
oTcyeTa CBfi3aHBl COOTHOLUCHHEM

vV =v—u,
HWIM B NPOEKUHSIX HAa OCH KOOPAHHAT
Up=Uy—Uy, Uy=U,—U, U;=0,—U,

(3axon caoxmerus ckopocmeti 8 mexanuxe Howomona).

3°. Ms-3a nocrosHCTBAa CKOPOCTH JABHXKEHHSI BTOpPOH CH-
cTeMbl OTHOCHTE/IBbHO NepBoi (u==comnst) yckopeHusa marepu-
aJbHON TOUKH B 00€HX CHCTEMaX OTCYETa OKasbIBAIOTCS OJM-
HAKOBBIMH

! 1 ’ ’
a'=a, wm a=aqa, aq=q, 0=a,

YcKopeHHe MaTepualbHOM TOUKH onpejeiserca jeHer-
BYIOIIMMH H4 Hee CHJaMM B COTJIACHH CO BTODLIM 348KOHOM
HbioToHa ¥ He 3aBHCHT OT CKOPOCTH IBHIKEHHA HHEpPLHa/b-
HO# CHCTeMbI OTcueTa (QbComomublil XGpaxmep YCKOPeHUs 0
BCEX UHEPUUANbHLIX CUCTIEMAX OMCHEMa).

4°, Cuanl B3aMMOJEHCTBHSI MEXJY MaTePHANbHBIMU TOY-
KaMH HJIM TelaMy 3aBHCSIT JHIUb OT HX OTHOCHTEJBHOTO pac-
NOJIOXKEHUST MJH OT CKOPOCTEH HX OTHOCHTEBHOTrO IBHXKEHHS
M He 3aBHCAT OT CKOPOCTH JABHXKEHHSI HHEPLHaJbHON CHCTEMBI
orcuera. Hanpumep, B /io60f HHEPLUMANBHOH CHCTEME OTCUeTa
CHJibl TpaBuTauuoHdoro B3aumojaehctBus (1.2.8.1°) meyx wma-
TepHANLULIX TOYeK 06PATHO NPONOPHHOHANBEL! KBaLDATy pac-
CTOSIHUMST MEXJY HHUMH, a 2TO PaccTOsiHMe BO BCCK HHEDUHAJb-
HLIX CHCTEMAaX OTCY&Ta, HEe3aBUCHMO OT CKOPOCTeH HX JEiKe-
ndsi, OyJeT ONHMM H TeM Ke. AHAaJOrMYHO, CHJAa BSI3KOrO
tpenus (1.6.3.3°) 3aBHCHT OT CKOPOCTH OTHOCHTEJIBLHOTO ABM-
EHHs CONpHKACAIOIKXCA CJOEB KHIKOCTell HJAM rasos,
KOTOpasl He 3aBHCHT OT CKOPOCTH HHEPLUMAJIbHOLO JIBHXXEHHA
camoit cucreMel oTcuera. Cusa ynpyroctd (1.2.9.1°) saBucur
07 T0r0, HACKOJIbKO pacTAHyTa W/IH CXKaTa NpyxHHA, HO HO
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SaBHCHT OT CKOPOCTH JBUXKEHMA HHEPUMANbHOH CHCTEMB
oTCueTa, B KOTODOH HPOBOAUTCS ONBIT € JAHHOH INPYKHUHOIN.
Benencreue storo F=F', rae F — cuiia BosgesictBust Ha JanHoe
TEJO B OJHOH HHepUHaJbHOU cHcTeMe oTcuera, a F'— cusa
BO3/le/CTBHSA HA TO XK€ TEJNO B APYrod HHEPUHUAJbHOH CHCTeMe
orcueTa.

Macca paHHOrO Tesia B MeXanuKe HbioToHA He 32BHCHT OT
TOTO, B KAKOH CHCTeMe OTCYeTa OHO paccmarpusaercs{m==m’),
nHo3ToMy B 00eMX HHEpLHAJbHBIX CHCTeMax oTcyera dopma
3aKOHOB MEXaHHKM CcoXpaHsercd.

5°. PapuoMmepHoe M NPAMOJHHeHHOE JIBHMEHUE CHCTEMb
OTCYeTd He BJAUSET HA XOJ MEXaHHYeCKHX SIBAEHHH, NpPOoTeKa-
I0IHX B 3ToH cucreme. HuKakue MexaHHYecKue siBJIEHUA He
NO3BOJISIOT OTJUYHTL MOKOH HHEpUMaJbHOH CHCTEMBI OTCYeTa
OT ec PABHOMEPHOTrO HPAMOJHHEHNHOro ABHXKEHHS,

Jna mobelXx MexaHHUYecKNX fBJEHH#l Bce HHepLUHaJbHbIE
CHCTEMbl OTCYETa OKA3bIBAIOTCA PABHONPABHBIMU. JTH YTBEPIXK-
JEHHST BBIPAXKAIOT MEXQHUMECKUL NPUHYUN OMHOCUMEAbHOCTY
(npunyun omuocumesvrnocmu I'aausesn). Tlpuauun oTHocH-
TeJLHOCTH SIBJfieTCSl OJHHM U3 Haubo/see OOUHMX 3a3KOHOB
OpUPOZLl, HOO B creuHaNbHOH TEOPHH OTHOCHUTEJIHHOCTH OR
pacnpocTpansiercst u Ha HemeXanuyeckue smiesns (V.4.2.1°).

6°. Ycxopenue paHHo# MarepHanbHOH TOYKH, a TaKkKe
CHJIbI, REACTBYIOLGME HA Hee CO CTOPOHBL APYrHX TOYEK HJH
TeJ1, HE 3aBHCAT OT CKOPOCTH JiIBHXKEHHT WHEpUHa/bHOH cH-
cTeMbl oTcuera. Pajuyc-BeKTop r MaTepHasbHOf TOYKH (Mn
JeKapTensl KOOPAMHATHL X, Y, 2) H €ee CKOPOCTh V ABJAITCA
Be/IMUHMHAMHU OTHOCHTeNbHBIMI. Hanpumep, fake B Ha4yaabHLil
MoMeHT BpeMmeHu (f,==%=0) ux 3HaueHus AJAA AAHHOI Mare-
PHaNBHOA TOYKH MOT'YT OBITb HEOJMHAKOBLIMU B PA3HbIX HHep-
HHAJALHLIX CHUCTeMax oTcuera. Ilostomy u (opMma TpaekTopuu
MatepuanpHo#t Touku orHocutensia (1.1.1.8°),

2.8, CuJipl TATOTEHHA

1°. 3akon ecemuproz0 mMAOMeHUs: MEXKAY IBYMS MaTepH-
a7bHBIMH TOYKAMH# JIeHCTBYIOT CUJIBI B3aHMHOIO NPUTSIKEHHS
(cunor macomenus, epaBUMAYUOKHbIE CUAbL), TIPSMO NPOIOP-
HHOHA/bHBIE MAaccaM 3THX TOYEK H OGpaTHO MPONOPLHOHA/b-
Hble KBaJpaTy pacCTOAHHA MEXAy HHMH. Moxynap cuasl -
rOTEHUS ONpejessieTCsl BBIPaXKeHHeM

., Mumg
FI‘M‘—Y 3 !
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B KOTOPOM #1; H My — Macchl B3aHMOAEHCTBYIOIUUX TOYEK, 7 —
paccrosinne Mexay HuMH. KosddunMeHT nponopuyoHanbs
HOCTH Y Ha3bIBAETCsl epasumayuontoli nocmosnuod. I'pasuta-
HUOHHAS TOCTOSIHHAA ONpeZenseTca ONBITHBIM NyTeM U paBHA
cu/le B3aHMOJEHCTBHA ABYX MartepHalbHBIX TOYEK, HMEIOmHX
€IMHUUHBIE MACChi M HAXOJSALWMXCH HA €MHHYHOM PacCTOsiHHH
oana or apyrofi. B CH (VII.8) rpasuranyonHas nocrosiunas
HMeeT 3HaueHue
v =16,6720.10-1* H.m*/kr?

I'paBuTaUMOHHEIE CUJIBI HanpabB/eHbl BAOJb JHHHE, coe-
JMHAKIEH B3aUMOJEHCTBYIOIIHEe TOYUKM, M [I09TOMY Ha3bl-
BAIOTCA  UeHMpaAbHbiMU  cuiamu. ['paBUTALOHHEIE CHJBE
3aBUCAT TOJBLKO OT KOOPIMHAT B3aMMOICHCTBYIOLIHX TOUEK.
B rpasuraiuontom nose (m. 7°), He H3MEHsIOWEMCH C Teue-
HHEM BpeMEHH (CMmAUUOHAPHOE 2PasUMALUOHHOE NnoAe), pas
6ora rpasutaumonnoi cuibl (1.5.2.2°), neficrpylomeii na pan-
HYIO nepeMelsarouyocs MaTepHaIbHYIO TOUKY, 3aBHCHT JHILDb
OT KOOPAMHAT HAYya/JbHOTO M KOHEYHOTO NOJOMKEHHH TOYKH H
He 3aBHCHT OT (OPMBI €€ TPatKTo-
pud.  HoatoMy rpaBuTau{OHHBIE
CUJIBI  SIBJISIIOTCS  HOMEHUUAABHOMU
curanu (1.5.2.1°).

2°. 3aKoH BCEMHPHOTO TsroTE-
HUA B yKasaHHOH dQopMe cnpasef-
JHUB He TOJILKO Mg JBYX Marepu-
anbHHIX TOYeK, HO U JJd

a) Ten TpPOM3BOALHOH (OpMBI,
pasMepbl KOTOPHIX BO MHOTO pas
MeHbllie pPacCTOfiHUH MeXAY LUEHT-
pamu macc (1.2.3.4°) Ten;

6) Ten co chepuuecKu-cHMMeT-
PHYHBEIM paclpefiesieHHeM Macc,

B STHX CY4asX r — pacCcTosiHue MEeXAY LEHTPAMH Mace
B3aHMOJEHCTBYIOLMX TeJ.

3°. Ha Tesio, naxoasimeecs B nynkTte B nosepxnoctu 3emin,
Xapakrepusylomemes wHpotoH ¢ (puc. 1.2.6), neilctByior e
CHaBI: cuja tAroredds Fo,. u cuna peakuud 3emHO# no-
BEPXHOCTH (WM cHJa peakuuu onopbl) N, Hampas/eHHe
KOTOpO#1 OTIPEAEJIAETCS He TOJbKO CHJIOH TATOTEHHS, HO TaKKe
BpamenueM 3eman. PaphogeiictByomass F aTx aByx cua
o0ecneunBaeT JBMKEHHE Tesa MO OKPYKHOCTH ¢ uentpom Of
IpH CYTOYHOM BpalllaTe/bHOM JBWIKEHHH 3eMJM BOKDYT OCH,
Cusia Py ZeficTBYIOUIaA Ha Te0 BC/ICACTBHE €r0 NPHTAMEHHS

Puc. 1.2.6
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K 3em/e, paBHasa 1o MonyJ/io cuse peakuuH N, HO Hampas-
JIeHHasi TPOTUBONONOXKHO eff, Ha3LIBAeTCH CuAOU magcecm,
Cuny TAXKECTH MOXHO H3MEPHTb, HANpHMep, ¢ IOMOULBIO
JMHAMOMeTpa NpH YCJIOBHH NOKOA Tejla W JMHAMOMETpa OT-
HOCHTEJIbHO 3eMad,

4°, B cucreMe orcuera, CBS3aHHOM ¢ 3emJedl, Jgo6oe HH-
ueM He NOAREpXKHBaeMOe TeN0 INPH JBHXMEHUH ¢ He6GObIUOoH
BBICOTHI /. Haj MoBepxXHOCThio 3eMau (A< R3, rie Ry — paauyc
3eman) npuoGperaer mox AeficTBHeM cHJABI TsKecTH P yckope-
Hue ce0600n0z0 nadenus g (1.1.7.1°). D10 yckopenue He 3a-
BHCHT OT Macchl /M TeJia 1 B COIVIaCHH €O BTOPBIM 3aKoHOM Hblo-
toua (1.2.4.1°) Moxer OLITb BBIpaXKeHO uepe3 CHJIy TaxecTH P:

P
=7

Llenmpom msaoxecmu Tena KOHEYHBIX Pa3MepoB Hasbl-
BaeTCsl TOYKA, OTHOCHTEJbHO KOTOPOH CyMMa MOMEHTOB CHJI
(1.3.1.4°) TsxecTH BceX 4acTHI Tesla pas-
Ha Hymo. B 3T0# TouKe mpHJOKeHa Cusla
TSKECTH TeJa.

Lentp TaKecTH Teaa (UM CHCTEMEI Te)
OOBIYHO COBNAJaeT ¢ LEHTPOM Macc Tena

(unu cucremst ten) (1.2.3.4°). a! N
6°. Becom mena P* nasplBaloT CHIy, C ¥ i,,,
KOTOpOIi Te/o BCJIEACTBUE NPHTANKEHUS K p ‘
Bpauiaomeiics 3emse JeficTByeT Ha OMO- @ P
py WJIM TOZBeC, VAepHHBAKIIHE €ro oT Puc. 1.2.7

cBofoaHoro mnajeHus. Bec npusioxeH He

K CaMOMy paccMaTpuBaeMOMYy Teqdy, a K OHOpe H/IM TOABECY,
Ecau omopa (nojsec) HENOABHKHBlL OTHOCUTEJNBHO 3eMJsH, TO
BEC paBeH,Cu/ie THAKeCTH TeJa. PaBeHCTBO Beca M CHJBI TH-
HKECTH CYIIECTBYET TaKXkKe M B CJyyae paBHOMEPHOro u mnpd-
MOJIHEHHOTO JIBHIKEHHUS ONOPH! (IojBeca) B CHCTEME OTCYeTd,
cBsi3aHHOM ¢ 3emJei.

IIpumep 1. B cucreme orcuera, cBA3aHHON ¢ 3emuedt,
Kaduna JsudTA ABHKETCA € YCKODeHHeM a, HalpaBJeHHBIM
BeprTukaabHo BHH3 (puc. 1.2.7), Ha nony xabunel Haxomutcs
Te10 Maccoit m. B corsacuu co BTopeM 3axkoHoM HbroroHa
TeA0 [BUXKETCS BMecTe ¢ KabuHOM nudta ¢ ycKopeduem a
NOA NefACTBHEM ABYX CHJI; CHJIBI TskécTd P H CHABI  peakiiiu
nosa xabunei N. Iloatomy

ma=P-+ N,
OTKYJa € Y4YeToM MNOJ0XKUTE/AbHOTO HanpasjieHus ocu Oy u
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HanpaBsieHHHT BekTOpoB a, P u N nmeem

—ma=—P+N.
Mozay/sp cHBL peakuuu 10Ja KaGuHBEI paBeH
N =P —ma,
HJH, TOCKOJIBKY P=mg,
N =m(g—a).

Bec Tesia P* no MopyJiio paBeH cuae peakuuu nona (P*=N),
HO MO HanpaBJIeHHIO el NPOTHBOMOJIOMKEH,

Ws nocaepnedt ¢opmyJsl cjieayer, 4to NpH ABHXKEHHH Ka-
OuHbl Ju(Ta C YCKODEHHEM a, HanpaB/JeHHEIM BePTHKANBHO
BHU3!

a) Bec Tesla paBeH cHJe TAXecTH, ecqd a=0, T.e. nOpu
NOKOe KaGMHBl MJH NPH €€ PaBHOMEPHOM H INpPSMOJHHEHHOM
JBHXEHHH;

6) Bec Te/1a MeHbIle CHJBI TsKecTH npu O<<a<(g;

B) Bec Te/ja paBeH HyJ/o npd a=g. B sToM cayuae umeer
MECTO cocrmosHue Hesecomocmu (Heeecomocmy).

[Ipumep 2. Ecin teno Bmecte ¢ Kabuuol andra ABH-
XKeTcsl ¢ YCKOpPEeHHEM a, HAlpaBJeHHHIM BEPTHKAaJLHO BBEpPX

(puc. 1.2.8), To Ha OCHOBaHHH BTOPOrO
3akoHa HbioToHa HMeeM

N=m(§+a)’

OTKYJa CJefyeT, uTo NpHU JHoGOM 3HAYEHHH
N yckopenus (e0) Bec Tena Gyper Goablue
m CHJILl TShKeCTd Teja (P¥>P) — cocmosnue

1 o
L nepeepysku (nepeepyska).
e fp

7°. T'paBuTanvOHHOE B3aHMOJEHCTRHE
MEXKAY TEAaMH OCYWIECTBJIAETCA IIpH NOC-
Puc. 1.2.8 PELCTBE  2PaBUMAULOHHO20 NOAA  (NOAS
mseomenua). D10 noJe, HAPALY C APYrUMH
NoJsIMM M BelIeCTBOM, ABJASETCS OAHOH u3 dopM MarepuH.
C KaXIbIM TesOM HEPa3PEIBHO CBSI3aHO TPaBUTAIHOHHOE NloJie,
nposiBJsiIOlieecss B TOM, 4YTO HAa DNOMEIIEHHYIO B IOJE Ma-
TEPHANBHYIO TOYKY JAefiCTBYeT TpaBHTAUMOHHAsi cujaa, npo-
nopuxoHa/ibpas Macce 3Toil TOYKH. Teso, rpaBUTaLMOHHOE
fi0Jle KOTOPOIQ MCC/AEAyeTCs, HasblBAaeTCs HCTOYHHKOM 3TOro
noss.
CusioBo#t  XapakTepHCTHKOR TIpPaBUTaLHOHHOTO 0OJIA $B-
asiercs Hanpswicennocms (G, paBHas OTHOLIEHHIO CHJB! TATGC-
tedua Fp,, JeHCTBYIOWIEH Ha NOMELIEHHYI0 B HEro MaTepH-
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aJbHYIO TOUKY, K Macce  3TOH TOYKH!
G=F_/m.

Hanpsaxendocts G rpaBuTaiHoOHHOrO MO/ B J4HHOH TOYKe
NPOCTPAHCTBA paBHA YCKOPEHUIO CBOOOAHOrO najeHus g
MaTepHaILHOA TOUKHM, HAXOAslelCss B 3TOM MecTe HpocTpat-
CTBa:

G=g.

Mogy/ib HaNpPSKEHHOCTH TPABUTALMOHHOTO MOJS MaTepH-
ajpHOH TOYKM ¢ Maccoit M Ha paccTOSHMM 7 OT Hee paBeH

M

3ra QopMyna crupaBefiuBa H B TeX caydasiX, KOrja HCTOUHH-
KOM TpPABHTALMOHHOrO M0/ fABJSETCSt OLHOPOJHOE IO ILIOT-
Hoctn Teno cdepuueckoit gopmsl. [Ipn 3TOM paccrosinve r
OTCUMTBIBAETCS OT IEHTPA Macc Tefa, & pajuyc NHOBEPXHOCTH
Tea JOMKeH ObiTb MeHbIIe pacCTOSAHUA r.

8°. Ilepsod KocmudecKold cKOpocmbio HA3HBAeTCs CKOPOCTH
V[, KOTOPYIO HYIKHO COOOHIHUTH Teay, YTO0bl OHO IPEeBPaTH/IOCH
B cnyTHYK 3eMau (dau Apyrofl mnasersl, a Takxe JIyHbl HAH
KaKoro-Hu6yap MacCUBHOrO HeGeCHOro Te/a) M JIBHUrajgoch IO
OKDYKHOCTH, [JIOCKOCTh KOTOpPOH MPOXOAUT Uepe3 LEHTp
3emau (JIyHBL H T. K.} 4 UEHTP KOTOPOH COBIAJaeT C LEHTPOM
3eman (JIyusl u T. X.) (0 BTOpo#l KOCMHMYECKOH CKOPOCTH CM.
1.5.4.4°). Ona 3emsn

M ——
=1 %—f=l/gR3z7,9-103 m/e.

2.9. Cuast ynpyroctu

1°. Cusibl, BOsHHKawUHE NpH ynpyro# Iebopmauun Ten
(11.7.2.3°), naswuBAOTCA cusamy ynpyeocmu. DU CHJBL AeH-
CTBYIOT MEXAY CONPHKAaCAIOWUMHCA
ciaosmMu  AedopMupyeMoro Tena, a
TAKXKe B MecTe KOHTakra Aedopmu-
PyeMoro Tena ¢ TeJoM, BHI3LIBAIO-
muM Jedopmauuio. Hanpumep, co
CTOpOHB! ynpyro - gedopMupoBaHHOR Puc. 1.2.9
jnocka D Ha Gpycok C, Jexawui
Ha uefi (puc. 1.2.9), pefictByer cuna ynpyrocm | S

O npupoge cun ynpyrocra cm, 111.1.3.1

Fyop
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2°, B GoJbluMHCTBE 3afay S/1EMEHTAPHOrO Kypca (H3H~
KH DPacCMaTpHBAIOTCH OJHOMepHHE (JNMHeliHble) XegopMalnun
pacTsKeHHs HJIM CXKaTuAa. B 3THX cayyasix CHJbl YHPYrocTH
HanpasJieHbl BJOJb JHHUM JefcTBUS BHewHeH (fedopmupyio-
uiefi) CHJBI, T.e, BJOMb OCEH NPOJONLHO AehOPMUPYEMBIX

= D
[

Puc. 1.2.10

HATEH, BUTHIX NPYXKHUH, CTEPMHEH H T. H., HAH TEpPNeHIHKY-
JlﬂpHO K NOBEPAHOCTAM CONPHKACAIOUHXCS Te (puc. 1.2.9).
3°. Cuna ynpyroctH, hefcTByiollasi Ha PaccMaTpUBAEMOe

B JIAaHHOH 3a/la4e TeJO CO CTOPOHBI ONOPH MJM NOJABECA, Hasbl-
Baerca cuaoll peakyuu onopst (NOA-
Beca) MM CUAOL HAMAdNCeRUs nod-
2 Er 41 geca. Ha puc. 1.2.10 npusenenst
gmﬂg;ﬁ’ Favews  npumepnl NPUIOKEHHSI K TeNaM
D 0" & cua peakuuu onopbl (cuawl Ny,
N., N3, Ng u N;) u cun narsmxke-

1
Wﬂ——-ﬁ uua noppecos (cuner Ty, T,, T
N pi R/ H T;).

BHewH 4°, Sakon I'yka pas opHoMep-

Pare. 1.2.11 HOrO pacTsiKeHusl (UM CKaTHd),

XapaKTepH3YIOULETroCs  6EKMOPOM

yoaunenua (cacamusa) Al; cuna ynpyrocts nporopuuoHanbHa

BEKTOpY YAMHHEHMsl (GXaTHs) M NPOTHBONOJOXKHA €My 1O Hall-
pasJenuio (puc. [.2.11):

Fynp=—F Al

rie k — Koappuyuenm keasuynpyeor cuabt — BEJIMYHHA, ON-
perensieMass CHIOH YNPYrocTH, BO3HMKAIOWEH NpH elHUYHON
Jepopmaukn AanHoro Tena (MM BHEIUHEH CHNOH, BHI3LIBAIO-
Wef epMHUURYI0 JedopManyio Tena)l

Fynp

k=-3r>
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5°. Bektop yanuHeHusi (CKaTusl) yOpyroro Tesna CBS3aH G
BHeluHeH cujoft Fy.,, BblpakeHueMm

_ Fuweun
Al = -5

6°. Cusia ynpyroctu 3aBHCHT TOJNBKO OT HM3MEHEHHH pac-
CTOSIHUE MExXJly B3aHMOJEHCTBYIOILHMH YacTAMH (4acTunamu,
CJIOSMH W/ 3JeMEHTaMM) JaHHOro ynpyroro tena. PaGora
cuael ynpyrocty (1.5.2.3°) He 3aBHCHT OT QOPMBI TPEEKTOPHU
¥ NpH [epeMeleHHH 110 3aMKHYTOH TPaeKTOPHH parHa HY.IO,
[TosTOMY CHJIBI yIPYIOCTH $IBJANTCS NOTEHIHAJNbHLIMH CH-
anamn (1.5.2.1°).

2.10. Cniibi Tperus

1°. Brewirnum mperuem Ha3blBaeTCs B3aUMOJEHCTBHE MEXK 1Y
[PasJMUHLIMH CONPHKACAIOWMMHCS TeNaMM, M[peNsTCTBYIowee
MX OTHoCHTeJbHOMY nepememennio. Hanpumep, BHelunee rpe-
HHE CyIecTByeT MeXAy OPYCKOM H HaKJOHHOH MJIOCKOCTLIO,
Ha KOTOpOh OpYCOK JE€XKUT WK ¢ KOTOPOH OH COCKaJib3biBaer.
Ecau TpeHue nposiBAf€TCA MEXLY HacTAMH OJHOrO H TOFO
e Tesld, TO OHO HasblBaeTcs enympennum mperuem (1.6.3.3%),

2°, Tpenue MEXAY NOBEPXHOCTSIMH ABYX COMPHKACAIOIHXCS
TBEPABIX TeJ NPH OTCYTCTBHM MEXAY BUMH XHUAKOA HJH ra-
3000pa3Hoil NPOCJOHKHY HashiBaeTcs cyxum mpenuem. Tpenue
MKy INOBEPXHOCTbIO TBEPJOro Tela M OKPYHXawlied ero
XKUAKOH MM ra3000pasHoil CPefol, B KOTOPOI Tesio ABHKETCH ,
Ha3bIBAETCS HUOKUM UIH 6A3KUM mperuem (cM. Takxke 1.6.3.3°).

Bo Bcex Buaax TpeHHs! BosHMKaeT cuaa mpenus F ,, Ha-
npaBaeHHasi BIOJb NOBEPXHOCTEH CONPHKACAIOIMXCH TeJ
NPOTHBONOJIOXKHO CKOPOCTH HX OTHOCHTE/IBLHOTO NepeMelleHHs].

Cyxoe TpeHuHe MNOApasfensiercsi Ha:

a) mpexue nOKOS — TPEHHE NPH OTCYTCTBUH OTHOCHTEJb-
HOFO [epeMellieHNs CONpPHKACAWUXCsa Ted;

6) mpenue CKOAbICEHUS — TPEHHE NPH  OTHOCHTENLHOM
JIBHXKEHNH CONpHKacaloMXcs Ted,

3°. Cuna tpenus Fp,, npenatcTByiollasi BO3HHKHOBEHHMIO
JBI2KEHHSI OFHOro TeJIa M0 NOBEPXHOCTH APYrOTO, HashbiBAETCA
CUAOLL MPerus. NOKOA.

Ecin K Teny, Haxojsiuemycsi B CODPHKOCHOBEHHH ¢ Apy-
I'HM TEJOM, NPHKJIAJBBATL BO3PACTAIOILYIO BHELUHIO CHJY
Fiovewn, [APaJJIEIbHYIO [NJOCKOCTH CONPHKOCHOBEHHS, TO
npH u3MeHeHHH Fpy.ny OT HYJAS [0 HEKOTOpOro 3HaueHus
IBHKEHHA Teja He BO3HHKAET, D10 CBHACTC/ILCTBYET O HEOL-
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HO3HAYHOCTH CHUJIBI TPEHHA IOKOfA: [NOPH MNONBITKE BLIBECTH

TEJIO U3 COCTOAHUA NOKOA CHJa TPEHH#A TOKOA H3MEeHAEeTCs OT

HYJs 0 NPefeNbHOro 3HaueHus Fpp, .

OriocuTeNbHOE ABHKEHHE Teld BO3HHKAET NPH YCJOBHH
Fopewn>FrpnS. Cuny  Fro® uaselBaioT npedenvuoii  cuiol

mpexus noKos.

O6Liuto, roBopsi O CHJe TPEHHS IIOKOSl, MMEIOT B BHAY
OpeAeILHYI0 CHIY TPEHHs IIOKOS.

4°, Cusa TpeHHs NOKOsi BBI3BIBAaeTCH 3auenjeHHeM HepoB-
HOCTeH NOBEPXHOCTeH Tes, YNPYruMu JehopMauusMH 3THX
HepoBHOCTell H cuemseHuem (csauna-
HHEM) Tel B TeX MecTax, Tie pac-
CTOSIHMSI MEXKAY HX UYacTHLAMH OKa-
3bIBAIOTCA MAJBIMH M JOCTATOYHBIMU
I/l BOSHUKHOBEHHSI MEKMOJEKYJIsP-
woro nputskenns (11.1.4.1°). B
CBfI3H C 3TUM CHJIY TPEHHf MOKOA
MOMCHO paccMaTpuBaTh KaK pasHo-
BUJHOCTDb NPOSIBJAEHHS CHJ YIpyroc-
™ (1.2.9.1°).
B npubauxeHHpIX pacyeTax NoJaraior, 4To

MaKcC Maxgc
e = RN, 1M 1y = RoP .

Puc. 1.2.12

Cuay N (puc. 1.2.12), mefictBylolyio Ha JaHHOE TeJO CO CTO-
POHBI ONOPHI NEPHEHIUKYJSPHO K €ro NOBePXHOCTH, HA3bIBAIOT
cunoldd HopmasbHot peaxyuu, a cuay P,, KeHCTBYOWYiG €O
CTOPOHBl TeJa Ha OHOPY,— CUADL HOPMAABHOZO OABACHUA.
Bespasmepunift  KO3xpULHEHT TNPONOPUHOHANBLHOCTH ko HA3Bl-
Baetrcsl Koapuyuenmom mpenus noxos. OH 3aBUCHT OT Ma-
Tepuana CoNpHKacamUlMXcs Tead, OT KadecTBa o06paGOTKU
COMPHKACAIOWHXCA NOBEPXHOCTeH, HaJHYHA MEXKAY HHMHU
HHOPOZAHBIX BEIUECTB W MHOIHX ApYrux (axkTopoB. 3HauyeHUs
KO3(h(hULHEHTOB TPEHUs NMOKOSA NOJYYaloT SKCIEePHMEHTAIbHEIM
HyTeM.

5°. CHsia TPeHHS CKOJIbXKEHHS Frp Mexay moBepXHOCTAMH

CONPHUKACAOWHUXCA TeA NPH HUX OTHOCHTEJNbHOM JBHXKCHHH
33BHUCHT OT CUJBl HOpManbpHOH peakuuu N, Uiy OT CUJBI HOp-
Ma/jipHOro JaBneHus P,, npuuem

FTpc=kN, Win FTpcskP"’

rae k — xoapuyuenm mpesus ckoavdicerus, 3aBUCAILUH OT
TeX ke (AaKTOPOB, YTO M KOIPPUUMEHT TPEHUA [OKOA Ko, a
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TaKxke OT CKOPOCTH OTHOCHTEJIBHOTO JBH:KEHHS CONpHKAacaio-
WEXCcH Tel.

Koadpuunent TpeHUs CKONbKEHHS! ONPeLeNseTCs! ONbITHHIM
OyTeM M B GOJIBIIMHCTBE CJAyYaeB NPH MajbX CKOPGCTAX OT-
HOCHTEJBHOTO ABUKEHHsI CONPHKACAIOLMXCS Te CKasbiBaercs
Menbile Kod(pduunenTa Tpenus noxos (k<TR,).

6°. Cusbl Tpenusi, B OTJHYHE OT I'PABUTALMOHHBIX CHJ
(1.2.8.1°) u cun ynpyrocru (1.2.9.1°), e saBucaT or KoOp-
IHMHAT OTHOCHTeNbHOro pacnosoxenns tesd. Cuabl TpeHHs
MOFYT 3aBHCETb OT CKOPOCTEHl OTHOCHTEJNLHOTO JIBHXKEHHS
conpukacaomuxcess Tei. Pafora CHI TPeHHs CKOJbXKEHHs
(1.5.2.5°) 3aBucuT OT GOPMBl TPAEKTOPUH OTHOCUTEJLHOIO
nepeMellleHHs CONPUKACAIOMMXCA Tel W NPH 3aMKHYTOH Tpa-
eKTOpHH He paBHa HyJi0. CHJbl TPeHHS ABJSIOTCA HENOoTeH-
nuanbabiMi cunamu (1.5.2.4%).

2.11. CnocoGpl M3MepeHns Macc H CH

1°. Bropoii 3akon HbloToHa cOmep:KHT 1Be HE3aBHCHMBIE
BEIMUUHEl — Maccy m Tenaa H cuay F — 0 moxer Obith uc-
[ONb30BaH /S HW3MEPEHHA TOABKO OfHOM u3 Hux. Jlpyras
BeNIMYUHA, HApsAAY C YCKO-
peHueM a. Tejaa, JOJKHA
OLITb M3MEPeHa HEe3aBHCHMO
OT 3TOro 3axoHa. JMns us-
MEpEHUsA Mace U Cua B J0-

8-
noJHenue KO BTOpOMYy 3a- v a 2
koHy Hblotona neobxomumo g, s m M
NPUBJIEKATh KAKHE-TO HHBE 4 8
(uzngeckue 3aKOHLL. Puc. 1.2.13
HC. 1.2,

VimetoTcs passndHEe Cho-
COoOLI CpaBHEHUS CHJI W Mace
TeJs, HO, KaK TOJbKO KaKOH-TO M3 HUX KJaJETCs B OCHOBY U3Me-
peHMsl CHJ WJIM Macc, NPUXOAUTCS NPOH3BONLHO BhHIOHPATh
Maccy HEKOTOPOIO Tesla B KauecTBe €AWHHILI MacChl (9maaoH
maccer) (V11.1.1°) nin HexOTOpyIO CHAY B KauyecTBe €IMHHLLEL
CUJIBIL (¢3TAJIOHHAST CHJIay).

/ 2°% OpuH ¥3 cnocofoB CpPaBHEHHS MacC TeJ OCHOBaH Ha
OJHOEPEMEHHOM HCITO/b30BAHHU BTOPOTO U TPETbEro 3aKOHOB
Heiorona. Ecnu MexAy JAByMsi TeJaMH, MNOJBEILICHHBIMH Ha
IJUHHBIX, TOHKHX, HEPAaCTSXHUMBIX M HEBECOMBIX HHUTAX (pHC.
1.2.13,a), obecneunts ynpyroe coypaperue (1.5.4.1°) (ua
puc. 1.2.13,6, ¢ noxasanpl nocjeoBaTesIbHLIE 3TANbl NPOBE-
JeHHs TAKOrQ ONblTa), TO Ha OCHOBAHHWH BTOPOIO U TPEThETO



60 OTAEJ I. I'Jl. 2. AUHAMHUKA MATEPHAJIBHOH TOUKH

3akoHoB HpbloToHa
. m . Qy
ma=n,a,, OTKyAad =T

Ilo u3MepEHHBIM Ha ONbITe BeJHYHHAM 4, U @ HAXOAAT OTHO-
[IeHHe MacC B3aUMOACHCTBYIOUIUX CHMJI.

Ecau macca onHOro u3 Teql (Hampumep, m,) NPHHATA B
KauecTBe STaJOHHOH, TO B pe3ysabTare NpoBeAeHUs] NMOJOOHOr0
OrbITa MOXKHO H3MEPUTh Maccy m Jioboro Tena:

)
m:ma-ﬁ—.

[locne storo cuna F, gpeficrByromjasi Ha TelQ H3BECTHOH
Macesl 1, OTPEeNesieTcs Ha OCHOBAHHH BTOPOro 3akoHa Helo-
TOHA MO U3MEPEHHOMY Ha ONBITe YCKOPEHHI0 a, npuobperae-

sy MOMy TeIOM 1o jedcTBueM cuabt Fi

F =ma.
k Fynp PasnoBuanoctoio 31010 cnocofa  ABJsgercd
Cp4aBHEHHEe U M3MepeHHe MAcC TeJ WM YACTHI Ha
m OCHOBAaHMH 3aKOHA COXPAHEHHs CYMMapHOrO HM-
p yJabca 3aMKHYTOH CHCTEMBbl B3aUMOAEHCTBYIOIIHX

ten und yacruy (1.2.6.2°). Ilo usmepenHbM Ha
Puc, 1.2.14 ONbLITE U3MEHEHHSAM CKOPOCTeH B3auMOALHCTBYIO-
[MYX TeJN OIpeleasieTcss OTHOWIEHHE HX Mace, a
ecJi Macca OJHOIO U3 Tesl H3BeCTHA, TO Onpeiessercs H Mac-
ca Jpyroro Tesaa.
3°. Bosnee y106HbIM cOCOGOM CPABHEHUA M H3MEPEHHS MAcC
ABJAsIeTCs OJHOBPEMEHHO® HCIOJIb30BAHHE 3aKOHA BCEMHPHOTrQ
TAroTEH!, 3aKoHa I'yKa u Broporo 3akoHa Hbrotona.
Hanpumep, Ha BePTHKaNbHO PACONIOKEHHOR HENOABHIKHON
BHTOI NpY:KUHE NOABEHICHO Te10 Macchl m (puc. 1.2.14). Y-
JoBue pasHoBecus tena (1.4.2.2°):

P F,,=0,

rie P — cuna rtskect rtena, Fyp, — cuna ynpyrocru, npei-
CTBYIOLLAs HAa TEAO CO CTOPOHBL TPYIKUHBL

Ecnau npenebpeub BpaimieHueMm 3eMJay, TO Ha OCHOBAHHU
3axoHa Bcemupuoro tarorenus (1.2.8.1°)
mMgq

R3

P=y

o saxony I'yxa (1.2.9.4°)
Fynp =k Al,
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rae k — xosduiMeHT KBasuynpyrod cuaml, Al — juHefiHoe
pacTaykeHne NPYKHUHHL,
Tagkum ob6pasom,

mMg _ kR%):A‘
e =kAl, oTKyaa /‘72-—Al<v—/v1—3 [-B,

Y

rie B=kR%/yM3z — mocrosiHHAs BeMWYMHA (IPH  HCIIOJIb-
30BaHUM JaHHOH TPY:KHMHBl B JaHHOM NyHKTe Ha 3emJe), He
3aBHCSIIAA OT TOrO, KakOe TeJ0 INOJBEIIeHO Ha NpYyXKHHe.

[Tpu yuere BpameHus 3eMJH, BLICOTH MecTa IHPOBEAEHHS
ONBITA Haj MOBEPXHOCTBIO 3eMJIM M NPH HCNONB30BaHUU NPY-
JKHUHBl C HHBIM KO3(pGdHIMEHTOM KBA3SUYNPYTOH CHJBI 3HAUEHHE
B usMmenurcsi, Ho OyJeT OCTaBaTLCSl OJHUM M TEM K€ NpH NOA-
BEIUNBAHUM K [PYXKHHE Pa3jHMUHBIX TeJ.

Maccpl m U m, IBYX TeJs, NOJABEIIHBAGMBIX NCOUYEPEIHO K
JIAHHOM TNPY2KKHe, CPaBHUBAIOTCH TO W3MEPEHHBIM Ha OIbITe
VAuHeHusiM npyxunpl Al u Al

m=Al-B, m,=Al,-B, orkyaa m AL
mg Al
KosdpuuyesT KBasuynpyrodl cuibl 2 nmpu 3TOM MOXKHO He
H3MepATh.

Ecan macca opporo us Ttea, Hanpumep m,, BroiOpaHa B

KauecTBe 3TaJIOHHOH, TO Macca m Jo6oro Tena

Al

m=mg,-—5 YA

Ecnu mpyxuHa cHabxeHa yKasaTeJeM M IUIKaJoH, TO Ha
IOC/IENHIO MOTYT ObIThb HaHECEHH! JesieHHs, COOTBETCTBYIOLINE
YAJUHEHHSM NPYXKHMHBI IPH MOABERIMBAHMM K HEH Tes, Macchl
KOTOPHIX KPaTHBl WM COCTAaBJSIOT pasjiMuyHble JOAH OT M,
(epadyupoexa npymcurot).

4°. Tlpy»HHa MOXKET HCIOAb30BaThCSA AN H3MEPEHUs Macce
TeJl TOJILKO B TOM NYHKTe Ha 3emJe, rae Obla DPOBeLeHA ee
rpaayupoBKa. Y VIMHEHHs JAHHOH NDPY)XHHBE NOL AeHcTBHEM
OIIHOTO U TOTO K€ Tesa C MacCo# m, B Pa3HbIX NYHKTaxX GyAyT
HEOJNHAKOBBIMH:!

my=AL, -B;, my=Al, B,

u Al ;&Ala , Tak Kax B;==B..
5° 'Tlpu JauHOM criocobe H3MepeHus Mace CH/a H3MepseTCs
Ha OCHOBaHHHU BTOpOro saxoua HbyioToHa

F = ma.
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B yacTHOCTH, TAK MOKET ObITh ONPeneseHa cuia Tsxkecty P
TeJa H3BECTHOM Macchl m

P=mg

B TOM DYHKTe Ha 3emJe, Tie Gha npou3BefieHa TPajyupOBKa
OpYXKHHHL

6°. Ynpyras npyXuHa UDUMEHsieTcsl M CPaBHEHHS U
usMepends cui. CpaBHEHHe CHJ NPOUIBOAMTCS HA OCHOBE
HCMOJBb30BAHUS 3aKOHA BCEMHPHOIO TATOTeHHUs, 3akoHa ['yka
H Broporo 3axoHa Hplorona. s u3mepenus cui1 Buibupaercs
HEKOTOPOE TeJo, CHJla TSHKECTH KOTOPOro NPUHHMAeTcs 3a
@TANOHHYIO CHJY» (32 AMHVMIY CHJBbI).

[TIpu paBHOBecHH Tea Ha HENOABHKHOM NpyxuHE (puC,
1.2.14)

P=FEAl,

rie Al — BeKTOp yAMUHEHHS [PYKUHBL
Ec/u K KOHIY JAHHON NPYXKUHBL NO0YEPEHO MPHKPENAATL
TeNa, CHMLI TsKecTH Kotopelx P u Py, To

p Al
P=kAl »n P,=FkAl, orkyaa A

JIBe CHJIBI MOXKHO CPABHATh MO M3MEPEHHLIM HA ONbITE YAAHHe-
nuaM Al u Al, naHHOH npPYXUHBL.

Ecnu cuna P, npuuaATa B KadyecTBe 3TaJOHHOH, TO CHJA
TsxkecTH P o6oro Tesla, MOABEIIEHHOTO K RAHHOH NPyXKHHE,
paBHa

Al
3 —A_la- '

TporpaayupoBanHasi NpyxuHa, NpejHasHaueHHas AJS H3-
MEpeHus CuJl, Ha3uBaeTcsl npyxcunHoim dunamomempon. C no-
MOILIBIO TNPYKUHHOTO JMHAMOMETPA MOXKHO U3MepsiTh He
TOJBKO CHJIB! TSMKECTH T WJIH Kakye-aubo BEPTHKA/IBLHO Ha-
[PABJEHHBIE CHJIBl, HO W NPOMU3BOJIBHO HAMNPABJEHHbIE CHJIBL,
be3 n0HONHHTENBHBIX TEPECUETOB ITH PE3YAbTaThi OYAYT BEPHHI
TOJbKO AJAA TOr0 NMyHKTa Ha 3emse, B KOTOPOM NPOH3BOAH-
Jlack rpajyHpoBKa NUHAMOMETpa.

[Tpu HU3MepeHHH CHUJ C NHOMOUBIO INPYXHHHOIO AUHAMO-
MeTpa Macca u3MepsieTcst Ha OCHOBAHHH BTOPOro 3akona Helo-
TOHa mo u3BecTHoi#l cuje F u usMepeHHOMY Ha OnblTe YCKO-
PEeHHIO A, UPUOGPETAEMOMY JHAHHHIM TEJOM MOA JAeACTBHEM
9TOH CHJLL

P=P

m__F
=
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7%, Cnocol usMepeHns Macchl Teda TPH NOMOIH PhluaKHbiX
E€COB OCHOEAH Ha WCNOJNL30BZHKHA 3aKOHA BCEHHPHOTO THTO-
TEHHS, BTOPOTO H TpeTbero 3akoHOB HbITOHa, YCJAOBHA Pab-
KOBECHs Tesa, HMmeomero och Bpamenus (1.4.2.3%), n Ha
Boifope 3TajJioHa WIS U3MEpEeHHuA
Macchl,

PaBHOBeCHC pABHOILIEUUX PHIUAXK-
HeIX BecoB (puc. 1.2.15) nocruraer-
Csl MPU YCAOBUU:

P+=P}
?
rae P* u P, — meca Ten, Jexamux

Ha uamkax. Cunpl tsxkect Ten P u P,, paBume pecam Ten,
Takxke paBHbl: P=P,, otkyna

P* )
Puc. 1.2.15

mg=m,g M m=m,,

ubo yckopeHus CBOGOAHOIO NaJEHHS B MECTAX HAXOXJAEHWs
000HUX Ten OLUMHaKORLL.

Bu6pas Tesno ¢ maccofi m, B KauyecrBe 3TajJOHA MACCh
(0Jis 3THX UeJCH WCHOML3YIOTCA THPHU), Mbl MNOJYUAeEM EBO3-
MOXKHOCTb H3MEPATb Maccy m Jaoboro Tedaa.

Ha rupsx o603HAualoTcsi X Macchi, H € MOMOIUBIO Pbluark-
HBIX BECOB H3MepsieTcs macca m 7ejla He3aBUCUMO OT TOro,
B KakKOM HYHKTe Ha 3eMmJe TNPOK3BOAUTCS B3BEIIMBAHUE.
Utofhl ¢ NOMOCILbIO PHIYAXKHLIX BECOB H TMPb ONPELEIUTD CHIY
TAXKECTH (WM BEC) TeJa, HYXKHO 3HaTh YCKGPEHHE CBOGOAHOIO
najeHus B MeCTe NPCEEACHMS B3BELIHBAHNA.

2.12. Heusepnusrohble CUCTEMBI O7CUETA

I B 5ACMEHTEPHOM KYypce $HI3MKH PaCCMATDHBAIOTCS
OPOCTCHLIIE TPHMEPE KCHEEPUMANBHBIX CHCTEM OTCHeTa, ABH-
SEYLAMXCA TOCTYHATeAbHO. B HeurepuuasibHBIX CHCTEMaX or-
cuera (1.2.1.6°) sakonn Heworona ke mwimoassnorcs. ITokoi
WK ABH:KEHHE MAaTePHAJbHEIX TOUEK W TeJ B HEHHePLHaIbHBIX
CHCTEMAaX OTCUETa OMUCHLIBAIOT YPAaRHEHHAMH, NO (GopMe aHa-
JIOTHUHLIMH ypaBHeHuO BToporo zakoua Hriotoza (1.2.4.1%),
HO B YPaBHEHUS BBOIATCS CUAbL UHEPLIL.

CuJibl HHEPLIMH He BHIZHIBAIOTCS BO3JCHCTBHAMU Ha JaHHYIO
MaTepHAJIbHYIO TOYKY HJH TeJO KaKHX-JHO0 APYTUX TeJN UIH
nojiefi. TlosiBienne cum nHepiyK OTpaxKaeT HEUMHEPUHAIbHOCTh
JBHIKEHHS CaMOH CHCTeMBl OTCYeTa. B OCTaJbHOM CHJIBI HHEp-
LUK XapaKTepU3yloTCsl TEMHU K€ NPHU3HAKAMH, YTO M OObIUHBIE
CHJIBl B MEXaHHMKE (MOAYJIEM, HanpaB/eHHEM, TOYKOH NPHIO-
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XKeHus1). B yacTHOCTH, OHM BCeria NpOMOPUHOHANBHBI MaccaM
TeJl.
Cusibl  MHEPUHH, NPUKAAAbiBAEMBIE K KaKOH-TO cHCTeMe
MAaTEPHAJIbHBIX TOYEK HJIH TeJ, BCErAa SBJAIOTCA BHEUIHHMH.
D10 HapyumaeT 3aMKHYTOCTb JAHHOH CHCTeMbl M INPUBOAHMT
K TOMY, 4TO JJIfi Hee He BBIIOJHSIOTCH 3aKOH COXPAHEHHH UM-
nyasca (1.2.6.2°) u 3akon coxpa-
HeHHsl  MEXaHHYeCKOH 3Hepruu
(1.5.4.1°).
2°, Tlpu onucaHMH mnocrymna-
a TEJbHOTO JBHXKEHUS Tena B He-
HHEDUUAJbHOH CHCTEMe OTCuera,
NN JBIDKYIIEHCs MOCTynare bHo, BBO-
autesi cuia unepuuu F,, paBHan

Fi A2 Fmp | a,,
5/1‘ 7 Q-GW—Q- F,=-—may,,

@&’ O
I & NN Tae m-— Macca Teaa, a,., —
g YCKOpEHUE JaHHOH HeHHepLuasb-
Puc. 1.2.16 HOR CHCTeMBl OTCYeTa OTHOCHTE/Ib~

HO KaxkOH-TO HHepPUHAJbHOH.

[Tpumep 1. Ha r1agkoM ropusoHTafibHOM [OJNY Ba-
FOHETKH HAXOAUTCA LIaP MACCH 1, IPHKPENieHHbIR K nepenHe
cTeHKe BaroHeTku npyxuno#t (puc. 1.2.16,0). Ha puc. 1.2.16,6
cucreMa xOy — HenojiBHKHAsE HMHEPLMAAbHAs CHCTEMA OT-
cyera, a cucreMa x'Q'y’ — HemHepuMa/bHAS CHUCTEMA OTCUETa,
cBsi3aHkad c BaroHeTKoH. [Ipm ABMkE€HUH BATOHETKH C YCKO-
perneM a,., OTHOCHTE&JNbHO HHEPLUUANbHOH CHCTEMBI OTCYeTa
NPYHHHA pacTsHeTcss Ha Al, MOJOXKEHUE Hlapa M3MEHHTCH,
HO OTHOCHTEJbHO BArOHETKH OH OyAeT HenojiBuKeH. Ilpn ot-
CYTCTBHY CHJIBl TPEHHS NOKOR [iapa OTHOCHTENBHO BArOHETKH
ONUCHIBACTCS ypaBHEHUEM

P+N--Fy,+F,=0,

B KotopoM P — cuja TaxecTd mapa, N — cisla peakUuH
noJa, Fynp—cmau YOPYTOCTH, ACHCTBYIOWAA HA 1IAp CO
CTOPOHBl PACTAHYTOH NpyxuHel, F, — cijia MHEPUMY, OpUUYEM

P=N, F,=Fgu, ()

[TockombKy Fyp,=kA[, cuna nHepuun MOxeT GbiTh H3MepeHa
M0 PACTsKEHHIO NPYKHHEL.

BuxeHne miapa BMeCTe€ C BaroHETKOH OTHOCHTEIELHO
HHepUHaJLHOH cuCTeMB! OTCUeTa INOJYHHAETCA BTOPOMY 3a-
KoHy HplotoHa

P N+ F = maye
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OTKYyJa
F ynp = MQyeoe (**)
Us BripaxeHuit () H (x%) noayyaem
F 1= Myeos
a ¢ yueroMm HanpasJjieHu#t BekTopoB F, u a,., —
Fu=“—manco

ITpumep 2. Eciu B onbiTe, aHAJOTHYHOM ONMMCAHHOMY
B npumepe 1, npyxuna Gyaer orcyrcrBoBath (puc. 1.2.17,a),
TO TIPY JABHXXEHHM BAaroHETKH C YCKOpEHHeM a,, wap
OyAeT ABHraTbCA C YCKOPEHHEM a’ OTHOCHTEJIbHO BarOHETKH

5 & N
al
F“-4--— \ 8suco
0’z
D an é&m
Puc. 1.2.17

(puc. 1.2.17,6). dnsa onucaHusa 3TOTO JBHIKEHHsA Wiapa B He-
MHEPIHAJbHON CHCTEME OTcYeTa, CBA3AHHOM C BaroHETKOI,
BBOAAT cHy HHepuumu F;, uToOb! B OTCYTCTBHE TDEHHS Bhi-
NOJIHSIOCh  YCJIOBHE

P4+N+4F,=ma’.
ITockonbky P==—N, umeem
F,=ma'.

OTHOCHTE/IBHO MHEDPLUHANBbHON CHCTeMBl oTcuera (xOy) map
NPH YCKOPEHHOM JBHKEHHM BArOHETKH OCTaeTCsi HEeNOABHXK-
HBIM, TdK KaK ypaBHOBeuuBawomuecs cuibli P u N He coo6-
waoTr eMy yckopenus. CorJacoBaTh NOBEJCHHE HmIapa B HHEp-
IMaNbHOH M HeMHepHHaJbHON CHcTeMax oTcyeTa YAaercst npu
YCJIOBHH

a'tag,=0 um a =-—ay,,

OTKyAa CJIeRyer, 4TO
Fy=—mag,.
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Farasa 8

3JIEMEHTbl KMHAMHKHM BPAIATEJLHOIO ABUXXEHUA
ABCOJIIOTHO TBEPZOIO TEJIA
OTHOCUTEJIbHO HENOABU)XHOH OCH

3.1. MoMEHT CUJbI 1 MOMEHT MHEPLHH

1°. OcHoBHO!l 3azauell IMHAMHKH BpAIlAaTENbHOTO JBHIKE-
HUA ABJSETCA ONpPe/iesieHHE YIIOBBIX KOOPAUHAT TOYEK Bpallak-
merocs Teaa B Ji000H MOMEHT BPEMEHH 1O H3BECTHHIM Ha-
YaJbHEIM YIVIOBBIM KOOpJAHHATAM, YIVIOBBIM CKOPOCTSM H MO
3a/laHHEIM MOMEHTAM BHEIUHHX CHJI, JAefCTBYIOUMX Ha TeJO.

2°, AGCOMOTHO TBEPLOE TENO,
Fowewn  yiMelollee 3aKpEMJIEHHYIO OCb Bpalle-
HHsA, 06e3 Bo3neficTBUS MOMEHTOB
BHELIHHX CHJI He M3MEHSET YIJIOBOH
CKOPOCTH BpallaTe/IbHOrO IBHMKEHHUS.
[lpu sTOM B MHepHMANBHOH CHCTEME
oTcyera Teno An6o norourcs (w=0),
an6o Bpamiaercd ¢ MOCTOSHHOH yr-
¥y JIOBOH cKopocThio (@w=const u £=0),
VlameHenne BpauiaTe/sbHOrQ JBH-
Puc. 1.3.1 JKeHHs  a0CoJIIOTHO TBEPAOro  Tena
B VWHEpUHMAJLHOH CHCTEME OoTcueTa
DPOHCXOANT NPH BO3JEACTBHN HA HETO MOMEHTOB BHEIUHHX CHJI
(n. 4°). Ecan, nanpumep, K Teay ¢ ochio Bpaulenuss 0'0' B
touke O, HaXofisulelfics Ha paccTosHMM R OT OCH BpalleHud,
npuJioxeHa BHewHsia cuna Fy,... (puc. 1.3.1), 10 ee cocra-
asomasn F), jexamias B MJIOCKOCTH, HEPHEHAHKYJSDHOH K
OCH BpallleHHsl, H MNEpIeHAHKYJsipHAsg K paguycy R TOuRM
NPHJIOKEHHA BHEWIHEH CHJBI, TPHBOJMT K H3MEHEHHIO Bpaiia-
TeJbHOrO JBHIKEHHS Te/a.

CocraBansromne Fy u F, npH OTCYTCTBHH CHJI Tpenus He
BJIMSAIOT Ha BpallaTeNbHOE JBHKeHHE afCOJIOTHO TBepAoro
tena. [lepsas w3 nux, F;, napamienbHas ocH BpauieHus,
MOKET BHI3BATh JIHIIb YCKODEHHOE [OCTYNATEe/bHOE IBHIKEHHE
Tena Bponb ocu Oz, Bropasi, Fy, JvHMa neficTBUA KOTOpOK
nepeceKaerT OChb BPAILEHHUS, MOMKET BEI3BaTb YCKODEHHOE mno-
CTYnaTeNBHOE JIBUXKEHHE TeJa BMECTe C OChI0 BpAIleHHs] BAOJb
KoopauHatHo# ocu Ox.

3°. Ilaeuom cuabl OTHOCHTEJBHO OCH HasbIBaeTcsi Kparyai-
mee paccrosiHHe d OT OCH BpalleHHsA [0 JIMHHH JeHCTBHs
cuabl, Ha puc. 1.3.2 nokazanw naewu d,, d; u dg cun Fy, F,
1 Fj;, NpuOXKEHHHIX K Teay B Toukax I, 2 u 8.
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4°. Momenmom cuirvt wasnipaercss BenmuumHa M, paBHas
M=Fd,

meoF — MOAYJIb NPHJIOKEHHOR K TeIy CHJbl, a d —— mJjieyo
3TOA CuJbl OTHOCHTENBHO JAaHHOH OCH.

CyMMapHblif MOMEHT HECKONbKUX CHJI, AeHCTBYIONMX Ha
TE€JI0, paBeH aireGpauveckoi cCymMme MOMEHTOB BCEX CHJI OT-
HOCHTE/NbHO JAHHOH OCH:

[Ipn sTOoM MOMEHTBI CHJI, BPAILAIOLIHE TEJO BOKPYT JAAHHOH
OCH MO YacOBOH CTPeJKe ¥ NMPOTHB 4acoBOH CTpesKH, Oepyres
C pasHpIMM 3Hakamu. Hamnpumep,
momentsl cult F; u F; (puc. 1.3.2)
CYUHTAIOTCA IMOJOXKUTE/NbHBIMK, a4 MO-
MeHT cuJaet F, — oTpunarenbhbiM.

5°. Momenmom uHepyuu mame-
PUQAbHOLU MO4KU OTHOCHTENBLHO JaH-
HOW oOCHM HasbBaeTcsi  CKa/isipHas
BeMHyuHa [;, pPaBHaf NPOU3BEACHUIO
Maccel m; TOYKH Ha KBajpar ee pac-
croauusi R} ot ocu: Prc. 1.3.2

Momenmonm UHepyuu mesq OTHOCHTEJNBHO OCU HAa3biBaeTCsl
BEJIHYKHA 1, paBHasg CyMmMe MOMEHTOB HHEPUHHU BCEX N TOUEK
Teaa:

i=1

Ins Ten npousBosibHONR (OpPMBI pacueT TAKOH CyMMBI BecbMa
CTOXKEH, ¥ HMX MOMEHTHl WUHepIHY OMPEeLNSOTCH OMBITHBIM
nyrem.

MoMeHT HHepUUH sIBJASIETCSt MEPOH HHEPTHOCTH Teja mpu
BpaulareNbHOM JABUKeHHH. OQH HMrpaeT TaKylo e Posb, UTO
d Macca OPH OMUCAHHUM [OCTYNATENbHOrO JBHIKEHUS Tena.
Ho ecin macca maHHOro Teia B 3aja4aX HBIOTOHOBCKOH Me-
XaHWK{ CYMTAETCS BEJIMUMHOH MOCTOSHHOH, TO MOMEHT MHep-
UMM JAHHOTO TeJa 3aBHCHT OT NOMOXKEHHS OCH BpalleHud.

6°. MoMeHTbI MHEPIHH HEKOTOPHIX OJHOPOAHBIX TENX MpO-
crefiwiest GopMul (fm — Macca Tena):



’68 OTHKEJ I. IJl. 8. AMHAMUKA BPAMATEJBHOIO ABHXXEHHNSA

1) Cnnownoft map paguyca R, ocb BpaimeHus IPOXOAMT
gepe3 LiEHTP MacC Liapa:

.~_2 2
1—--—5—mR.

2) CnyiomHON LMJMHAP (AMCK) paguyca R, ocb BpaileHHs
COBNafaeT ¢ NPOAOJNBHON OCHI0 IIMHAPA M NPOXOJUT Yepes
€ro LEHTpP Macc:

I=%mR2.

3) Moau#t ToHKOCTEHHBI UMAMHLP (00pyu) paamyca R,
OChb BpalleHHsl COBNajaeT ¢ NPOAOJbLHOH OCbI0 NWJIHHAPA H
NPOXOAMT Yepe3 HEHTP Macc:

I =mRa?.

4) IpaMonnHeNHLl TOHKHH cTepxeHb AJuHOH I, ocb Bpa-
IEHNA NEpneHAMKYJNApHa K NpPONONbHOH OCH CTepXHA H
NPOXOANT Yepes €ro LEHTP Macc:

1
]:Eml"‘.

5) Tipamonnueitnbiii TOHKMHA cTepKeHb AJIMHOA [, ocb
BpaleHHs NEPNEHANKYJAAPHA K TNPOACJLHON OCH CTEepXKHA
H TPOXOAMT Y€Pe3 KOHEL, CTEePXHSA:

1
1 =-§ mi3.

3.2. OcsosHON 32aKOH AMHAMHKH
BPaINATENLHOTO ABHKEHNS

1°. Ocrogrotl 3aK0N OUHAMUKL 8PALYAMEALRO20 OSUNCERUS:
B WHEpUHAJbHOH CHCTEME OTCYeTa YIVIOBOe YCKOpeHue e,
npuoGpeTaeMoe TeNOM, BpalalOIMMCA OTHOCHTENIBHO HENOA-
BHIKHOH OCH, MPONOPUHOHANBHO CYMMAapPHOMY MOMEHTY M yeim
BCEX BHEIHHUX CHJI, JeHCTBYIOIMX Ha Tesno, u o6paTHO mponop-
LHOHAJILHO MOMEHTY WHepuuu [ Tejia OTHOCHTENbHO HaHHOM
ocH:

&= Msnemn/]'

2°, MomeHmom umMnyasca mouxu (MOMeHmOM KOAUHeCmea
OBUJiCERUS MO4YKU) OTHOCHTEJIBHO HEKOTOPOH HeNnoABHMKHOM
OCH HasHBaeTcs BeJMYHHA L;, paBHasi NPOU3BENEHHIO MOMEHTa
uuepuMH [; TOYKH Ha YIVIOBYIO CKOPOCTb ® €€ ABHIKEHHS



3.2, OCHOBHOW 3AKOH JUHAMUKHU BPAUIATEJIBHOI'O ABUKEHHS 69

BOKPYT 3TOH OCH:
Li=10.

Ina marepuanbHo#i Toukd [;=m;R} u 0=uv,/R;, nosromy

L ‘_mRt R‘ —len

TAe p;=mU; — MOAY/b HMIYyJbca (KOJUYECTBA JBHKEHHS)
marepHanbHofi Toukn ([.2.3.5°), a R; — ee paccrosuue or
OCH.

Momenmom umnyasca meaa (MOMEHMOM KoAudecmga Osu-
MeHus mesaa) OTHOCHTENbHO HEKOTOPOH HENOABHMKHON OCH
HasbiBaeTCsl BeJqMuMHa L, paBHas cyMMe MOMEHTOB HUMIlYJ/bCOB
BCEX N TOYEK TeJa OTHOCUTENbHO 3TOH OCH:

L= ZL,—ZI(», win L=lw,

t=1

rge | -— MOMEHT MHEPLHUH Te/ia OTHOCHTE/IbHO JAHHOH HEHOJA-
BHIKHOM oOcCH.

3°. [Ipu HCHONB30BAHUK MOMEHTA HMIYJ/bCAa YPaBHEHHE OC-
HOBHOTO 3aKOHA AWHAMHUKH BpallaTeJbHOTO JBUMKEHUA NpU-
HHUMAaeT BHA

AL A ({o)
AT A/lnueum' HWiH I Msueumv

rie AL=A (I0) — usMeHeHHe MOMEHTAa HMMyJbca Tela 3a
NpPoMeXyTOK BpeMeHH Af, a Myueyy — CYMMapHBIA MOMEHT
BCEX BHEMIHUX CHJI, JEHCTBYIOUMX Ha TeJMO B JAHHON HHEPLH-
aNbHOH CcHCTeMe OTcyera.

B Tako#i ¢opme OCHOBHOH 32KOH AMHAMUKYM Bpamiareib-
HOrO ABHXKEHHS MOXeT ObIThb MPUMEHEH K Tely, MOMEHT HHep-
HMH KOTOPOrO B MPOLECCE J[BHKEHHUS H3MEHSIeTCA, HIAM K
CHCTEME TeJl, COBEPILAINHX BpallaTeNbHOe [BHKEHUE BOKPYT
JAHHOM ~HEeNOABHKHOH OCH.

3 0CHOBHOrO 3aKOHA AMHAMUKH BPallaTeNbHOTO JBHMKEHH S
CEAYET, YTO H3MEHEHHE MOMEHTOB MMNyJabca (HAH YIVIOBOH
CKOPOCTH MpPH MNOCTOSHHOM MOMEHTE HHEPIHH) He MOXKeT
[POUCXOAUTH MTHOBEHHO.

4, CyMMaprm MOMEHT Mgy, BCEX BHYTPEHHHMX CHJI
B3aMMOJCHCTBHA uacTell TeJa OTHOCHTENIBHO OCH BDAllleHHs
BCEraa paBeH HY/0. MOMEHTHl CHJI B3aUMOJCHCTBUS uacTed
TeJId NMOMNAPHO KOMIEHCHPYIOTCA M He HPHBOAAT K H3MEHEHHIO
MOMeHTa HMOyJibca Tela.
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Fraeéa 4
CTATUKA

4.1. ChoxenHe ¥ pasnoMeHHe CUJI, NPHAOKEHHBIX
K MaTepHajbHROit TOUKe ¥ K a6COMOTHO TBEpROMY Teny

1°. Cmamuka w3ydaeT pasHogecue MaTEPHANBHLIX TOYEK,
TeJl WM CHCTEM Tel.

2°, CucremMa HeCKOJNBKHX CHJI, OIHOBPEMEHHO AeHCTBYIOMMX
Ha MaTepHaNbHYIO TOYKY, MOXKeT ObiTh 3aMmeHeHa pasHodeli-
cmsyrowed cusolf Fy, KOTOPYI0 MOXKHO HalTH NO npasury
nmuoeoyeoreruxa (1.2.2.6°). Tlpu HaxoxpeHuH paBHOAEHCT-

Pnc. 1.4.1 Puc. 1.4.2

ByOIIeH ABYX CHJI MCIOJB3YETCS TaKKe Npasuio naparieio-
epamma: paBHOfeficTBylomas cuwia Fyx paBBa juarosanu
napaJjjiesorpaMmMa, CTOPOHaMH KOTOPOTO SIBJASAIOTCA JBe CKJa-
JbiBaemble cuabl F; m F, (puc. 1.4.1).

CucreMa cuJl HasLIBAETCS YfABHOBEUIEHHOU, €CAM DPABHO-
JeficTByromas sToit cucremht paBHa Hymo (Fz=0).

Ecnu paBHOjeicTBYIOMIAS CHCTEMBl CUJI, JEHCTBYOIMX Ha
MarepuanbHyI0 TOUKY, HE PaBHA HYJIO, TO 3Ty CHCTEMY MOXHO
YPaBHOBECHTb, NPHJOKHB K TOUKE YPASHOBEUUBAIOWYIO CUAY
F,, paBHyio :

Fy=—Fs.

3°. Touxa NpHJIOKEHHS CHJIBL K aGCOMIOTHO TBEPAOMY TeTy
MOXeT OLITb NepeHeceHa BIOAbL JUHHMH JEHCTBHS 3TOH CHJH
(nepeHoc Mo4YKU RNPUAOICEHUR CUAbL 8 aBCONMOMHO mBepoom
mene). Hanpumep, cuiia, AeficTBylomas Ha abCOMIOTHO TBep-
noe teso B Touke A (puc. 1.4.2), Moxer GHTh HpUIONKEHA B
Touke B uau B Touke C H T. X. Takoii nepeHoc BO3MOXEH H3-3a
TOTO, YTO NPH PacCMOTPEHMH abCOMIOTHO TBEPIOro Tesla mpe-
HeGperaoT JedopManHsMH TeJa.

ITpu yuere ynpyrux jaedopmauuil Tena, Hanpumep, pacTs-
JKEHMSt ynpYrofl NpyKHHBI, TOUKY NPHJIOXKEHHS CHJBI NEPEHO-
CHTbL HeJIb3s, TAK KaK OfHA W Ta XKe CWia, NPHJIOKeHHasd B
PasHBIX TOYKaX, MOXET BHI3BaTh HEOAHHAKOBHE JedopMauiy
JIAHHOTO TeJa.
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4°, Tena, orpanuuMBaromiue ABHMEHHE JAHHOTO paccmat-
pUBaeMOro Teja, Ha3bIBAaIOTCH CEA3AMU, A CHJIBI, JNEHCTBYIO-
LlHe CO CTOPOHH CBfi3efl Ha JAHHOE TeJ0,— CUAAMU pPearyuu
cgagseti. CBfA3SIMM ABJSIOTCS, HanpUMep, pAa3jIHYHbIE ONOPH
uiau noxsech (1.2.9.3°).

5°. PaBHogeiictByomiasi Fy nNpH/IOKEHHBIX K a6COMIOTHO
TBEPAOMY TNy HECKONbKHX cua F;, Juuuu geficTBUA KOTOPBIX
HepecekaloTcss B pasHelX Toykax (toukn Oy, O, u 0O, Ha

Puc. 1.4.3 Puc. 1.4.4

puc. 1.4.3), Haxoautcst JiuGO MOMApPHLIM CYMMHPOBAHHEM CHJI
(HanmpuMep, cHauana HaXOAMTCA paBHOZelcTBYyromas cui Fj
u F,, 3atem ona ckaagwBaercs ¢ cuioit Fa u 1. 1.), 160 cym-
MUpOBaHHEM MNPOEKIMil BCceX N CHJA Ha KOOPAHHATHLIE OCH
BHIGPAHHON CHCTEMBI OTCYETa:

n

n n
Fye=2 Fin Fyy= 2 Fy Fro=2 F

OTKyJa

Fy =V Fyy+ Fy, + Ft,.

6°. PaBnogeiictByiomasi Fy aByx napasiensunix cua Fy
u F; (puc. 1.4.4) paBHa ux cymme, a JiuHuS €e AeficTBUs JesuT
paccrosiHie MexAy TOukaMd | W 2 NPUJIOMKEHHS CHJI B OTHO-
eHuH, oGPaTHOM OTHOIIEHKIO MOAYJEH Cui:
L _Fy
F3=F1‘+F2, Tzzﬁ'
Pasunopeiicrayiomas Fy AByX aHTHnapansienbHelx cui Fy
n F, (puc. 1.4.5) paBHa BekTopHo#i cymme cunt Fy u Fy:

Fy=F;+F,,

HanpaBJieHAa B CTOPOHY OOJbIefl M3 HHUX, a JIMHUS ee Jefl-
CTBHSI TlepeceKaer MPOJOMKEHHE NPSAMOM, COeNHHSIOmCH TOYKH
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I u 2 upunoxenus cuJ, B Touke 0, 1 KOTOPOH BHIIONHSET
€A PaBEHCTBO
h Fy
T, Fi’
7°. CHcTema JBYX paBHBIX N0 MOAYJIO aHTHIAPaNJIENLHEIX
cun F; u F, (puc. 1.4.6) nasmiBaercs napot cua. PaBHojei-

7

173
Puc. 1.4.5 Puc. 1.4.6

CTBYIOLIAS Napw cuJl papHa Hyao. [lapa cust xapakrepuayercs
Mmomenmom napoi M, npuuem

M=F,d=Fd,

rae d — KpaTyailiiee pacCTOfSHHE MEXAY JIMHHAMH JAeficTBHA
CHJ Naphi, Ha3HIBAEMOE NJ1e4OM napol.

Tapa cun coobmaer yraosoe yckopenue (1.1.11.7°), no
HE MOMKeT H3MEHHTb NOCTYNATENbHOE ABHXKEHHE Tena.

8°. Cocmagasrouyumu (crazaemvimu) pextopa cuibl F Ha-
3niBaloTcs BekToph F;, cyMMa KOTOpHIX paBHA JAaHHOMY BeK-
Topy F:

;Fi:F’

Tlie B — YHCJO COCTaBJAIOLHNX.

3apava o pasnoxenuu BekTopa F Ha aBe cocrabasiompue,
Jexaniye B OfHOH NJIOCKOCTH, HMEET OJHO3HAYHLIE pereHus
B ABYX C/ly4asx:

a) MaBectHa oana us cocrapastomux. Ha puc. 1.4.7 nso6-
paxensl B onpejejeHHoM Macwtabe BexTop F ¥ oana us ero
cocrapasiomux F,;. CopmecTuB Hauasa BeKTOpPOB B Touke O
(prc. 1.4.8) u npoBens uepes ux KoHuH npsmyio NN, naxo-
AT BTODYO cocraBisomylo F, Kak oTpe3sok npamoii NN,
3aKJIOYEHHBIH Mexny KoHLaMp A ¥ B JaHHEIX BEKTOPOB H
HanpaBAEHHHA OT xoHua cocrabBiasomeil F; K KOHUY Bex-
Topa F.
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6) MspecTHH Hanpap/ieHHst 0GEMX COCTaBJSIOLMX BEKTOpa
F (muanun NN u MM na puc. 1.4.9,a). [IpoBensa uepes Havano
n Kosen Bektopa F npsaweie N'N' u M'M’, napannenbhbie

y
/F’ NG
et 1
Puc. 1.4.7 Puc. 1.4.8
A
NN
\ F
¥ o—Ltaw ¥y
a ¥
Puc. 1.4.9

npsMem NN u MM, B npuBsitoM MacwitaGe HaXOAAT COCTaB-
agomue F; n F; kaxk croposni AB u BC T1peyreavsuka ABC
(puc. 1.4.9, 6).

4.2, YciaoBis paBHOBECHS MATEPHANbLHOH TOUKM
1 a0CcooTHO TBEPAOTO TENa B HHEPRUAILHOM
CHCTEME OTCHETa

1°. VYcnopueM paBHOBECHs MarepualbHOR TOUKH SBAS-
€TCA PaBEHCTBO HYJIO CyMMbl Beex cui F;, ReACTBYOIMX Ha
TOYKY:

=3

Fi=0’

.
i}

HJH B NPOEKIMAX HA OCH NPAMOYTONbHOM AEKapPTOBOH CHCTEMBI
KOOPAMHAT:

n n n
EIF,-,,=O, %F,y-zo. 2 F,=0,

[J€ N — uYKeAO CHJl, REHCTBYIOIRHX Ha AAHHYIO TOYKY.
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2°, Ecnu cBA3M AOMYCKAOT TOJIBKO NOCTYMATENbHOE JABH-
JKeHHe abCoJIOTHO TBEPAOro Tesa, TO OHO GyJAeT HaXOAUTHCA
B PaBHOBECHH NPHU YCJAOBHH

n
2 F,=0,

~
HJIH

Z Fixzov
i=1

THe 1 — YUCAO CHJ, ACHCTBYIOUMX Ha TeJO.

B stom cayuae Bce cunbl F; cuuTaloTcs nmpHJIOKEHHBIMH
B LEHTpE Macc Te/1d, HEe3aBHCHMO OT JeHCTBHTENBHOTO pac-
NOJMOXKEHUS TOYEK MNPUJIOKEHUS 3TUX CHJI.

3°. AGCONIOTHO TBepJOe TeIO C 3aKPEleHHOH (HemoABHK-
HOH) OCbl0 BpalleHHS HAXOAMTCA B DABHOBECHH NPH YCJIOBHH
pPaBeHCTBa HYJIO CyMMBbI BCeX 7 MOMEHTOB M; BHELIHHX CHJI
OTHOCUTENbHO 3TOH OCU (ApABUAO MOMEHIMOB):

i=1

=1 i=1

4°. Ecnn aGCOMIOTHO TBEpHOE TeNO MOMKET MepeMellaThes
HOCTYNATEJAbHO, A TAKXKE COBEPLIATb BPALIATENbHOE JBHIKCHHE
BOKPYI HEKOTOPOH OCH, paBHOBeCHe
TeJIa JIOCTHTAeTCs NPH OAHOBPEMEHHOM
COOJIIOACHUY JIBYX YCJIOBHMH:

z;l F,=0, X M;=0,

i=1

rae F; — BHemHAs cuja, AeHCTByOILAsN
Ha Teno, M; — MOMEHT 3TOH CcuJIBl, a
, N — 4YHCIO BHEIUIHHUX CHJL.

[Tpumep 1. Bpycok B Moxer HaxoauTbCcs B paBHOBe-
CHH Ha HaKJIOHHOH miockoctd D (puc. 1.4.10) nox jpefictBueM
cuJel TskecTH P, cHibl Tpenusa nokos Frp, v cHibl peaknuu N,
ec/qu OyZeT BBIIOMHSITHCA YCJIOBHE

P+N+Fy,=0

M ec/iy, KpoMe TOro, JuHus feficTBUdA cuJjbt peakuuu N Gyzer
NPOXOAUTH Yepe3 TOUKY K mepecedeHus JHHUH JEHCTBHA CHA
P u F,. Toabko npd BHINONHEHHH 3TOrO NOC/IEIHErO yc-
Josusi cymma momentoB cun P, N u F, ~ orHocurenbHO
mo6ofi ocH (Hampumep, OTHOCHTEJNBHO I'OPH3OHTANbHOH OcH,

Puc. 1.4.10
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NEepNeHAMKYJIAPHOR K TJIOCKOCTH DHCYHKa H NPOXOAsLied
yepes ueHTp Macc C uan 4epe3 Touky K) Oyner paBHa Hy.JIO.
Ecan 6b JuBMe AeficTBUs cuabt peakuuu N npoxojunia vyepes
nentp macc C Gpycka, To MomeHT cuan F., orHocutensho
ocH, Npoxoasiel, Hanpumep, uepes ertp macc C, He Obu1 Obl
paBeH HyJ0, BCIAEACTBHE Yero GPYCOK JLomKeH Obii Gbl onpo-
KHABIBaTbCS BOKPYF pebpa A mno 4acoBOH CTpesike.

QO6mue yclOBUS DPABHOBECHS TeJla MOTYT HMCMOJb30BATHCA
He TOJBLKO AJMS TOro, yTOObl HAafTH JHHHHE AEHCTBHS CHJI, HO
M JUIS  ONpejesieHHst Hewus-
BECTHHIX CHJI.

Tlpuwmep 2. Opu Ko-
gen, Ganku B Touke B onu-
paeTcsi Ha  HENnOABHIKHBLIA
HMJIHHIpHYeCK KaToK,
apyro#i KoHen 6anku 3aje-
Jad B creny (puc. 1.4.11).
[lo eepTuKaiH BHHU3 Ha Gan-
Ky, KpOMe cusbl TsukecTH P,
JeiicTyeT B Touke E BHewHsAs cuia Q. Tpebyercs onpenenurs
cuny Np peakuuu Katka H cua1y Np peakuuu creHbi.

JIunus pefictBusi cuisl Ny MOXeT OBITh TOJNLKO BEPTH-
KaJbHOH, TaK KaK B NPOTHBHOM CJyuyae cHJa, JelCTBYIOIas
Ha K4aroK cO CTOPOHBI Ganki, HMesga Obl TOPH3OHTANBHYIO
COCTaBJISIIONLYIO, KOTOpas NpHBOAMJA OB KaToX B JABHXKEHHE
BIPABO WJM BJEBO. DTO NPOTHBOPEYHNO Obl HENMOABUHKHOCTH
KaTKa M JIeBOr0 KOHUa GalKH.

Ecau cunnt P, Q u Ny BEpTHKAaJbHHE, TO HE MOXET HMETb
FOPH3OHTANBHYIO COCTABJIAIOMYI0 M cuiaa peakuuu Np, T. e.
3Ta CHJa TOXe JO/DKHAa OBITh Hanpap/eHa MO BepTHKAJH.

U3 ycnoBusi paBEHCTBA HYJIO CYMMBI YETBIpEX CHJl, JeH-
cTBylOWIMX Ha Ganky,

P+Q‘}‘ NB+ ND::O)
Py+Qy+NBy+NDy=O'
——P—Q-}-NB'}'ND———O

HEBO3MOXKHO HaliTh JBe HeusBecTHHeE BeIHYHHH Ny u N,

Btopoe ypaBHeH#e MOMKHO MOJYYHTb M3 YCJIOBHS PaBeH-
CTBa HYJIO CyMMbl MOMEHTOB CWJI, AeHCTBYWOWHMX Ha Oanky,
OTHOCHTEJILHO JI060# HemoABHXKHOH OCH BpaumeHus. Ecau ary
oCb BHI6paThb NPOXOAsLied uepe3 TOYKY NPHJOXKEHHS OAHON
H3 HEU3BECTHHIX CHJI, TO MOXKHO NOJNYYHTh YPaBHEHHE C OAHOH

HIH

HJIH
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yeusBecTHOR Benuuunoi. Tak, ecnn cocTaBuTh ypaBHEHHE
MOMEHTOB CHJI OTHOCHTeJIbHO TOPH3OHTANbHOH OCH, NPOXOHsi-
wefl yepes TOUKY B W HampaB/JeHHOH 3a MJIOCKOCTh PHCYHKa,
TO MOXHO MOAYYUTDH

—PL—QU+ 1)+ Npli+ 1+ 1) =0,

rae Iy, I3 w Iy — paccTosaHus Mexay JIMHUAMH AeHCTBUS CHJI,
yKkasaHHole Ha puc. 1.4.11. M3 storo ypasuenust Jerko Ha#-
™™ Np, mOC/e Yero u3 MNpeblAyLIero ypaBHEHHA ompeaes-
erca Njp.

4.3. Baan pasHOBECHSA

1°. PaBHOBecue Tesia B HEKOTOPOM MOJIOKEHUY HA3bIBAETCH
ycmotiyugoim, €c¥ NpH MOObIX MaJbiX OTKJIOHEHHSX Tesaa OT
3TOr0 MOJIOXKEHHs, AonyckKaeMeix cBsassmu (1.4.1.4°), BosHu-
KaloT CHJIbI HJIH MOMEHTHI CHJI, CTPeMsLIHecs BO3BPaTUTh TENO
B HCXOJHOe COCTOsIHHE.

Mpumepn. Ha puc. 1.4.12—1.4.14 nokasassl noJo-
WEHHA yCTOHYMBOTO PaBHOBECHSI HEKOTOPHIX Teql (a) M Manbie
OTK/IGHEHHMs| TeJ OT 3THX MmoJoxernu#t (6), (8).

Puc, 1.4.12 Puc. 1.4.13

1. Mlapux A, noxpemenHbit Ha uutu (puc. 1.4.12,0), Ha-
XOJUTC B YCTOHYMBOM paBHOBECHM TNOJA JAEHCTBHEM CHJIBI
TaxecTH P U cunbl HaTsokeHus Hute T, TaK Kak OpH MajoM
OTKJIOHEHHH LIapHKa, Hampumep, Bnpaso (puc.. 1.4.12,6),
BO3HHMKaeT HeypaBHOBeiieHHas cuna F, BOo3Bpamawomas ma-
PHK B Haya/bHOE MNOJIOXKEHHE.

2. Mydra B (puc. 1.4.13,a), KoTOpafg MOXKeT CKOJML3HTD
63 TPEHHs 1O TJIaAKOMY TOPH3OHTANBHOMY CTEPXKHIO M KO-
TOpasi NPHUKPEIvIeHa K HeAehOPMHPOBAHHOH NPYKUHE, Ha-
XOAUTCA B YCTOHYMBOM pPABHOBECHH NOJ JeACTBHEM CHJIH
TaxectH P u cunbl peakuun N crepxus. Ilpn manom cmerme-
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HuM MyQTH BRoMb crepxusa (puc. 1.4.13,6) Bo3HHKaeT cuna
yopyroctd  Fy.,, Hanpapnennas K HayaJbHOMY MOJIOXKEHHIO
paBHOBecHs MY(QTHI.

3. Heopnopopuwii wap D (puc. 1.4.14,a) nnapaer B xup-
KOCTH IOl JeicTBHeM cuabl TsxKecTh P, mnpmrioxeHHo# B
nentpe macc C apa, ¥ BhTalkuBawieid cunu Fy (1.6.2.3°%),
ApPUJIOKEHHOH B Touke Oy, pac-
NIOJIOKEHHOM HECKOJbKO HilXke Fer
FEOMETPHYECKOTO LEHTPA Liapa
0. Ecan map norpysurb B XHJ-
Kocth ray6xe (puc. 1.4.14,6),
TO BO3pacTeT BHITAJKHBAIOLIAN
cuia M paBHojeficTBylomas
enn P u F,; 3actaBuT map
BO3BPAaTUTBCA B  HAYaJbHOE
nonoxenue. Ecan noeepHyTb Prc. 1.4.14
map Bokpyr uenrpa O (pmc.
1.4.14,6), Bosuukaetr momeHT mnapel cua P u F,, BO3Bpamaio-
A [ap B HauyaJbHOE TOJIOXKEHHE YCTOHUHBOTO PasHOBECHS.

'2°, PaBHOBecHe TeJla B HEKOTOPOM MOJIOXKEHHH Ha3biBaercs
Keycmoliuuebim, ecnii XOTA Gbl NPH HEKOTOPHIX MaJjblX OTKJO-
HEHHUAX TENa OT ITOF0 MNOJOMKEHHS, AONYCKAeMbiX CBA3AMM

Puc. 1.4.15 Pnc. 1.4.16

(1.4.1.4°), BO3HMKAIOT CHJILI MJIM MOMEHTHl CHJ, CTpPeMsuecs
eme GoJblle OTKJIOHHTb TEJIO OT HAYaJbHOTO TIOJNOXKEHHS.

IMMpumepn. Ha puc. 1.4.15—1.4.17 nokasaun noso-
JHEHHsT HeyCTORUYNBOrO PaBHOBECHS HEKOTOPHIX TeJ (a) H MaJjibie
OTKJIOHEHHS TEJl OT 3THX 1OoJoXkKeHH# (6).

1. Manenpkuil wapuk A HaXOAWTCS B PaBHOBECHH B BepX-
Hefi Touke cepuuecKoit onopHoil nosepxHocty (puc. 1.4.15, a).
Tlpn manoM oTkioHenum wapuka (puc. 1.4.15, 6) Bosnukaer
pBe€ypaBHOBelleHHasA cuna F, ypansiomas mwapdk oT nepBoHa-
YalbHOTO TOJIOXKEHHS.

2. Heopvopoauni#i map D nnaBaer B KuAKOCTH (pHC.
1.4.16, a). ITnotHocTh (1.2.3.7°) 3awTpBXoBaHHOA 4acTH mapa
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Gosbuie MJIOTHOCTH OCTAaNbHOM dYactH mapa. Cuzna TAKECTH
wapa P npmioxkena B uenrpe macc C, a BuTanKuBaomas
cuna F, (1.6.2.3°) — B Touke Oy, pPacHOJIOMKEHHOH HMKE reo-
MeTpuYeckoro uentpa wapa O. PasHOBecHe mapa HeycTOH-
4HBOe, TAK KaK [pUd MaJIOM MOBOPOTE wapa BOKPYr LEHTpa
O 6yner Bo3HUKATh MOMeHT napsl cui P u F,, npusonamui K
JBaJibHeHeMy OTKJIOHEHHIO [1apa OT HAYa/JbHOIO IOJIOMKEHHS
(puc. 1.4.16, 6).

3. Mapux B nexuT Ha TOPU3OHTAJILHOH IOBEPXHOCTH H
pacTAHyTOH NPYXKUHOH HpHKAT K yerynmy D c BhICOTOH, paB-
Hoit paamycy mwapuxa (puc. 1.4.17, a). Cumpt Fypy, 1 Ny, P

Puc. 1.4.17

1 N; nonapHo ypasHoBeui#BaoTCH. ECHH CMECTHTh IAPHK
10 TOPU3OHTAJAH BNOPABO, TO CHJA YNPYTrOCTH NPYIKHHHEL BO3-
BpaTUT €ro B HavanibHoe mosioxeHue. Ho 1o eme He rosopur
06 YCTOHYHBOCTH DABHOBECHUS [IAPHKA, TAK KaK TeJNO AO/KHO
BO3BPAILATBCHA B IIOJIOXKEHHE YCTONYMBOrO DABHOBECHS MOC/E
1106 bl X MaJblX OTKJOHEHHH OT 3TOro mnoJjowedud. Ecan
wapuk B cMecTduTh HemHoro Beepx (puc. 1.4.17, 6), To MoMeHT
cuabl Fy,, OTHOCHTeNBHO TOUKM KACAHHA IIapHKa MOMKET
MPes3oHTH MOMEHT CHJIbl Tskectd P, B pesyabrare yero ma-
PHK OKajkeTCsl B [OJIOXKEHHH, H300paxeHHoM Ha puc. 1.4.17, 6.

3°. PaBHoBecHe Tesia B HEKOTOPOM MOJIOKEHUH HA3LIBACTCH
0e3pasAuyHbIM, €CTH TIPH JIOOBIX MaJbX OTKJAOHEHHAX Tenaa OT
5TOrO TOJMOXKEeHHA, Aonyckaemeix ces3aMiu (1.4.1.4°), ue Boa-
HHKAaeT CHJ HJIH MOMEHTOB CHJI, CTPEMALIHXCA BO3BPATUTH
TeJI0 B HauajbHOe TOJIOXEeHHWe WU elle GoJee yAaMuTh TeJIo
OT HAYaJbHOTO MONOMKEHHS.

ITpuwmeps. Ha puc. 1.4.18 nokasann nomoxenusi 6e3-
Pa3MYHOrO DABHOBECHUS HEKOTODHIX TeJ.

1. Hlap A, aexamuit Ha TFOPUSOHTAILHOM MOBEPXHOCTH
(puc. 1.4.18, @), Haxogurcs B 0€3pasIUYHOM DABHOBECHH,
CMmeneHusi wapa BJOJb NOBEPXHOCTH He NPUBOAAT K NOAB-
JEHHMI0O KaKUX-HMOYAb HHBIX CHJI, KDOME YDaBHOBEUIEHHHIX
cui1 P u N.

2. PaBHoBecHe Opycka B B noJoeHHH, H306PAKEHHOM Ha
puc. 1.4.18, 6, Gyner Ge3pasnuuHbIM, €CAH [PH MAJbIX CMe-
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HeHnAX 6pycKa BNpaBo WJM BJAEBO OT 3TOrO fIOJNOXKEHHS CHIA
YOPYTOCTH NPYKUHB He OyJeT ROCTHraTbh 3HAYEHHS Npejlesib-
HOl cnanl Tpennst nokos (1.2.10.3°) (Fyn,<<Fzp, ).

3. Ulap D u3 BemiecTsBa ¢ TaKo# Ke MJIOTHOCTBIO, YTO H Y
JKHJKOCTH, B KOTOpo# oH nuasaer (puc. 1.4.18, 6), HaxoauTcs
B 6e3pa3/NYHOM PABHOBECHH NoJ JeHCTBHEM JABYX ypaBHOBe-
myBaouxest cua P u F, npunoxenHnix B nentpe mace C
wapa. Jlo6ble cMeleHHsi MM MOBOPOTH lApa He BHI3LIBAIOT
€0 BO3BPALUEHHs B HauaJbHOE MOJIOKEHHE MJHM JajibHedIero
CMEIEHHA OT HaYa/JbHOro MONOXKEHHA.

N N Fa
A . 8 i e
- N - ¢
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Puc. 1.4.18

4°, Tlycte paBHOBECHe MarepHa/JbHON TOYKH, Tela HJK
CHCTEMEI TeJl 06YC/IOBIEHO AEHCTBHEM TOJIBKO MOTEHIHANBHBIX
cun (1.5.2.1°) — cun TAroTeHusi, YNpyrocTH MJH 3JEKTPO-
cratiyeckux cua (111.1.2.2°). Torpa nosoxenuio ycroiiuu-
BOrO paBHOBeCHSl COOTBETCTBYeT MHHHMaJbHOE 3HayeHue IIo-
tennuanbHoil sHepruu (1.5.3.5°) mo cpaBHeHHio ¢ ee 3Haue-
HHAMH B GaHXKaAMLIMX COCENHHX TNONOKEHHAX, JAOIYCKAaeMbIX
CBSA3SAMH  (APUHLUN MUHUMYMA NOMEHYUAALHOU  3Hepaul).
IIpn moOGHIX MasbIX OTK/IOHEHHAX TOYKH, TeNa HJH CHCTeMhl
TeJl OT NOJIOXEHHs YCTOHYMBOrO PaBHOBECHs! NMOTEHUHAIbHARA
SHEpPrus BO3pacTaer.

Hanpumep, npu ortknoHenun wmapuka A (puc. 1.4.12)
U3 TIOJIO}KEHHS YCTOHYMBOrC paBHOBecHs] BO3DPAacTaeT €ero
noTeHuMaNbHas SHeprus B noJe Tarotenus 3emau. [losoxe-
HYIO ycroHynBoro papHoBecus Gpycka B (puc. 1.4.13) coor-
BeTCTBYeT MHHHMAaJbHOE 3HayeHHEe MNOTeHLHaJbHOH SHEPruUH
ynpyrux BaauMogeificTBuli B AaHHOH cHcreme. Ilpu mosopore
mapa D (puc. 1.4.14, 6) Bo3pacraeT ero noreHuyajbHas 3Hep-
rus B NOJIE TATOTeHUs 3eMJiM, a PH NOrpyKeHHu 3TOro napa
Ha O60abmiyio ray6uny (puc. 1.4.14, 6) HeckoIbKO yMeHb-
IIAeTCS €r0 NOTEHLHa bHAaS SHEPrHA B NOJIe TATOTEHHS 3eMJIH,
HO BO3pacTaeT INOTEHUHAJbHAA SHEPrHsA YNPYroro B3aHMO-
JeACTBHA C JXKHAKOCTBIO.
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Faraea b
PABOTA U MEXAHHYECKAS SHEPTHUS

5.1. Pafota cuabl NPU ABHIKEHHH MATEPUAJBHOH TOUKH
H HOCTYNaTeJbHOM JABHKEHHH aGCONIOTHO
TBEpjoro Teja

1°. remenmapnoil pabomoli AA cuser F Ha 3nemeHTapHOM
nepeMelieHdd Ar MaTepHaJbHOH TOYKH Ha3bIBACTCA CKa/AspHAsA
(usMyecKas BeJMUYHHA, DaBHas

AA=FAr-cosa,

rie o — yroa Mexay Bekropamu F u Ar.
B npsMoyrosbHOH JAEKapTOBOH CHCTeME KOOpPAMHAT 3Je-
MeHTapHas pa6ora

AA=F, Ax+F,Ay+F,Ae,

rae Fy, Fy n F, — npoekuuu cusnt F,a Ax, Ay u Az — npo-
eKIHMH 3JeMEHTapHOro BEKTOpa nepeMeleHdusi Ar Mmartepasb-
HOH TOYKW Ha KOODAHHATHLIE OCH.

3HayeHHe 3/eMeHTapHOH paboThl CHJ/IbI 3aBHCHT OT BbiGopa
cucreMsl orcyera, Kpome Toro, B 3aBHCHMOCTH OT B3aUMHOM
opuentalud BekTopoB F M Ar 3/ementapHasi paGora momer
6bITb BeJUYHHON NOJIOKHTE/NBHOMH, OTPULATENBHOR HAM PaB-
HOH HYJIO.

2°, Ecnn Ha MarepHanbHYi0 TOYKY JAeficTByer cucrema
cuJ, TO 3jeMeHTapHas pa6ora AAx Bcex 9THX CUJ npH mepe-
MelleHHH TOYKHM Ha Ar paBHa

n
AAz=7 F,Ar-cosa,,
<

rie o; — yroa Mexjy cusiod F; u nepemelieHueM Ar TOukH,
HJH

AAz =Fyz Ar.cosa,

rie Fy — Moaynb pasHofefictByiomeii Fy Bcex cua, gefi-
CTBYIOUIMX Ha MaTePHUANBHYIO TOYKY, a O — YIOJ MeXAYy Bek-
Topamu Fy u Ar,

3°. Ilpu mocrynaTenbHOM IBHKEHHHM aGCOJIOTHO TBEPAOTO
TeJa 3JieMeHTapHas pa6oTa cuabl (WaH paBHOAEHCTBYOLIEH
cHCTEMBI CHJI) paBHa

AA=F Ar.cosa,
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rie o — yron Mexay cuaofi F (uaM paBHOAeHCTBYIOMIEH
CHCTEMB! HECKOIbKHX CHJI) H 3/eMeHTapHbIM [epeMelieHHneM
Ar uentpa wmace (1.2.3.4°) aBconmoTHOo TBepAOro TeAa HJH
JPYTo# €ro TOYKH.

4°. Patoma A cuast (41 paBHOZEHACTBYIOUIEH CHCTEMbI
cus1) F Ha KOHeUHOM NepemellieHuy Ar paBHa

n
A ———l;l FAr,-cosa,,
TAe N — YHCJO 3/eMeHTapHHX nepeMerteHuft Ar;, Ha KOTOpHIe
pasfesieHO cymMMapHoe mnepemeliienue Ar, a o; — yros Mexay
cuioit F u snementTapHbIM nepemeuiesnuem Ar;.
B ofmwem cnyyae pacuer Takofl CyMMbl BecbMa CJIOXKEH.
B asemedrapHOM Kypce PH3UKHA OrpaHHYMBAIOTCA PAcUETOM

/ F
|
e LY %

. =07
ar; L Ay Ar,,[
Br | Sp |
Puc. 1.5.1 Puc. 1.5.2

paboThl Ha KOHEYHBIX MepeMeileHHsiX MaTepHANbHOH TOUKH
WK a0COJIIOTHO TBEPAOro Tesa AJAA HEKOTOPBIX YACTHHIX CJay-
q3eB:

a) Cuna F nocrosiHHa, a TpaekTOpHA MaTepHa/bHOH TOYKH
(wau Tena) npsmonuueiina (F=const u a;=a==const) (puc.
1.5.1). B atom cayyae

n
A=Fcosa Z} Ar;, wam A=Fcosa-Ar,=Fcosa-S,,,
=

rae Ary, — MOAYNb BeKTOpa nepeMelieHuss Ary, MaTepuasibHOl
TOUKH (MM Tena) OT HA4YaJbHOTO NOJOMNKEHHS | O KOHEUHOro
TONMOXEHUS 2, paBHBII B 3TOM cjy4ae OYTH Si,.

6) Cuna F mocrosiHHA, TPaeKTOPHs MaTepHaJbHOM TOYKH
(uan rena) kpusosuueiina (F=const, a;7const) (puc. 1.5.2).
Pa6ora cunel F npu nepeMelieHny MaTepUaJbHON TOYKH (HJH
Tesa) u3 noJoXeHnus I B noJjoxeHue 2 paBHa

A=FA(-Ar12‘
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rie Far — npoexkuust BeKtopa cuael F Ha HanpaBaenue cym-
MapHOro nepemelleHust Aryq, npuueM Fa=F cos @, rue o —
yroa mexny BektopaMd F u Ary,.

Ecan MmaTepuanbhas Touka (MM TeJO) NEpeMellaercs no
samknyToil Tpaexktopun (puc. 1.5.3), T0 cymmapHnas pabora A
cuibl F paBna mymo, Tak Kak Ary,=0.

12

Puc. 1.56.3 Puc. 1.5.4

B) Cusia TOCTOSIHHA 1O MOAYJIO H COCTaBJSIET OAMHAKOBLIE
YIJH o € 3/1EMEHTADHEIMH BeKTOpDaMH mnepemenieHus Ar; B
mobom Mecte TpaekTopuu (F=const n o;=a=const). Ha
puc. 1.56.4 F;=F,=F,=F=const. B arom cayyae paGora
CUJIEI paBHa

A=Fcosa X, Ar;=Fcosa-S,,,
(=1

rie Sy, — NyTb MaTepHaJbHOH TOYKH MJIM Tela OT Ha4yajJbHOro
nosioxkenusi I 10 KOHEYHOI'O NoJOXKeHHs 2,

F
ljl’Z/
ij’ t
| i
1 1
1 [
] ,A)Z |
Vi A;;z Ar
Puc. 1.5.5 Puc. 1.5.6

Ecmi B nopoGHEIX ciydasx TpaekTopHs MaTepHasbHOR
TOUKH TPEICTaBJsieT INPOU3BOJNBHYIO 3aMKHYTYIO KDHBYIO
(puc. 1.5.5), To pabora cusbl OTVIMYHA OT HYJIsi, HECMOTPS Ha
TO YTO CYMMapHBIi BEKTOp MNepeMelieHNsl TOYKH NPHJIOXKeHHs
cusel paBeH Hymo: Ar,=0, Ho A5%0, TaKk Kak S;,70.
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Hekoropsle mpumepsl pacdera paGoTel MepeMEHHOH CHJIbI
6y,uyT npusefiensl ganee (1.5.2.2°, 3°).

5°. Ecim wussecten rpa(bm{ saBucuMocTH  Fa,=[(Ar)
(puc. 1.5.6), To snemenrtapuoit pabore AA cuaB COOTBETCT-
BYeT myomazb KPHBOJMHENHOH TpamneuHd ¢ ocHOBaHueM Ar;.

a puc. 1.5.6 sra mnowany samrpuxoBana. Cymmapho#
pabote A mnpu TNepeMeleHUH MaTepHaJbHOM TOUKH MM al-
COJIIOTHO TBEPJOrO Teja W3 MOJioKeHHs | B mosoxende 2
COOTBETCTBYET ILIOMIAaJh KDPHBOJHHEHHON Tpameuud ¢ OCHO-
BaHHeM Ary,.

5.2. MoTteHNMaNbHblEe U HENMOTeHIHATBHDBIE CHIIBI.
KoncepeaTHBHLIE M HEKOHCEPBATHBHBIE CHCTEMBI TeJ

1°. omenyuarbroimy Has3bIBAIOTCS CHJBL, paGoTa KOTOPHIX
3aBHCAT TOJDBKO OT HAYaJbHOrO W KOHEYHOrO IOJIOKEHHS
IBIKYLIENCH MaTepHa/ibHOK TOYKH MU Tela M He 32BHCHT OT
dopmbl Tpaekropuu. [Ipu 3amMkHyTOR m
TpaekTopHH DaboTa TOTEHUMaNbHOR ]

CHJIB Bcerja paBHa Hymo. K noren-

UMAJbHBIM CHJIAM  OTHOCSTCS CHJIBL 2
TATOTEHUS, CHJIBL YIIPYTOCTH, DJIEKT- g T3
pocTaTHYecKHe CHJIbL H HEKOTOpble OM &

npyrue. z

2°, PaGota Ay CHJBI TSATOTEHHS Puc. 1.5.7
(1.2.8.1°) npu mepeMelleHUu Mate-
pHaabHOH TOYKHM C MaccoH m OTHOCHTENbHO [pyrofi marte-
puanbHOA TOUKH, uMetomell maccy M M NOMEnLeHHOH B Havyase
oTCYeTa KOOPJMHAT, paBHA

A'mr "'YmM ('r—z'_r_ll‘) ’
rae ry 4 ry — MOJY/JH DPaguyC-BEKTOPOB, XapaKTePU3YIOIIUX
HauYa/ bHOE H KOHEYHOE MOJNOMEHUs MepeMeijaioniedcss TOuKH
(puc. 1.5.7).

Ilpr yBenuyeHMH paCCTOSIHUS MeXAY B3aUMOJEHCTBYIO-
UMMH MaTepHANLHBIMH TOYKame paGoTa CHIBl TATOTEHHA
orpunarensia (A.,<<0 npu r,=>r;). Ilpn cOamkennn Touek
pabora nonoxutenbHa (A.,=>0 npu r,<lr,). Ilpn nepeme-
HIeHHH ORHOH H3 B3aHMONEHCTBYIOIUMX MAaTepPHAJbHBIX TOYEK
N0 3aMKHYTOM TpaeKTOPHM paboTa CUJBl TATOTEHHA paBHa
Hyai0 (A4 ==0 0pu ry=n).

Ecau npenebpeun BpaueHuem 3eman, 1o padota A4, CHJIB
tsikectd (1.2.8.3°) npu moxbveme Tena maccoit m Ha BeICOTY A
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HaJl NOBEPXHOCTLIO Seman paBHa
A ymMgh
Tam = T W ’

rape Mz — macca 3emsn, Rz — pajauyc 3eMJn. _
[lpu ycnoBuu h<CR3; pabora CHJBI TAKECTH TPH TOJBEME
Tesla Maccol m npubaiKeHHO papHa

Asgn & —mgh,

TAe g — MOAY/Ib YCKOpeHHusi CBOGOAHOrO najeHHus BOJU3H
noeepxHoctn 3eman (1.2.8.4°).
3°. Pabotra Ay, cuam ynpyroctu (1.2.9.4°) npu opmo-
MeDHOM PpacTsXeHHM (WJIM CKaTHH), XapaKTepHusylotieMmcs
BEKTOPOM YJUIHHeRHus (cxartua) Al,
2
Ay =— Fypp Al = — 28D

yop g

Ecau opHa #3 KOOpAMHATHHIX ocefi (nanpumep, Ox) Bbi-
OpanHoOll cucTeMBl OTCYET2 COBNAJAeT IO HanNpaBJeHHIO €
BextopoM Al, To

rli€ X; B X; — KOODAMHATH HayaJa M KoHua BeKTopa Al

[lpy nepememeHHH TOUKH YRpyro aehopMHPYEMOro Tena
N0 3aMKHYTOM TpaeKTopHH pafoTa CHJH YNPYrocTH paBBa
nymo (Ayn,=0 npu Al=0, uan npu x,=x).

4°. Cunpl, pa6oTa KOTOPHIX 3aBUCHT OT (GOPMBI TPAEKTOPHH,
Ha3BIBAIOTCA Henomenyuarvroiuu. TIpn nepemeilennn mate-
puajbHON TOUKM WM Tela 1O 3aMKHYTOH TpaekTopuH pabota
HENOTEHUHANbHOH CHJIBI He PaBHA HYJHO.

K wuenoreHuManpHbBIM CHJ1aM OTHOCSITCA CHJBl  TPEHHS
H HeKoTopnie Jpyrue (cM., Hanpumep, 111.4.2.1°).

5°. B GonblHHCTBE Cjy4aeB, KOTAa YroJa MEXAY CHJOH
tpenusa F,, u snemenTapHHIM nepememienueM Ar Tena cocrtas-
JAsfeT T paguaH, paboTa CuJIbI TPeHHs OTpHLATE/bHA H paBHa

A'rp = F’rpSn‘l

rae S,, — nyTh TeJa MexJy TouKamu 1 m 2.

Muorpa yroa mexpy cunoii tpens F, n sjeMEHTapHEIM
nepemeniennem Ar papeH HyJio B paboTa CHJBI TPEHHS NOJO-
HUTENbHA:

Ap=F,S,,.
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[Tycts, Hanpumep, BHewHsan cuna F peficreyer Ha 6pycok B,
KOTODLI# MOMXeET CKO/Mb3uTh no Tedexke D (puc. 1.5.8). Ecan
TeJIEXKKA NepeMelldeTcd BlPaBo, TO padoTa CHJBI TPEHHS
ckosbkenus F .., Jeficreyiomiell Ha TeNEXKY CO CTOPOHBI
6pycKa, MOJIOXKHTEIbHA.
6°. Cucrema Tesl Ha3BIBAETCH KOHCEPBAMUGHOL, €CM BHYT-
pennne n pHemnue cuibl (1.2.2.4°), nelictsyromue Ha Tena
CHCTEMBI, SIBJISIKOTCA NOTEHIH A 1bHBIMH
(m. 1. Frry {78 [ Fpz F
B samkaymoii  kowcepsamusHoti | 7 ]

cucmeme MEXIAY TeNaMH JEHCTBYIOT '\\\QXW\\%W
y N\

TOJbKO BHYTPEHHHE MNOTeHUHa/NbHbIE
CHJIEL. Pue. 1.5.8

Ecan xora 6Bl 04HO H3 yC/0BHi
KOHCEPBATUBHOCTH CHCTEMbl Tesl HapyuieHO, TO CHCTeMa Ha-
3BIBACTCA HEKOHCePBamusHOU .

Mexny TelaMu 3aMKHYMOU HEKOHCEPBAMUBHOL cucmemot
Hapafy ¢ BHYTPCHHHMH TOTEHUHMA/bHBIMH CHJAMH JEHCTBYIOT
BHYTPEHHHE HENOTEeHLUHUAJIbHbIE CHJIBI.

Huorpa B kayecTBe KOHCEPBAaTHBHON H/IM HEKOHCEPBATUBHOM
CHCTEMBl PAacCMaTpUBAETCA HE CHCTeMa Tesl, a OJAHO Teso.

5.3. Mexanugeckan aHeprus

1°. 3nepeued waspiBaercsi ckansApHas ¢u3UUecKas BesiH-
YHHA, ABAAIOWAACS AMHON MEPOH Pa3JUYHLIX HOPM JABHKEHUS
MaTepHd U Mepofl nepexona ABHXKEHHA MAaTePHH U3 OAHHUX
¢dopM B apyrHe. [ns XapaKTepUCTHKH Pa3/HYHBIX HOPM JBHU-
WKeHUs MaTepHH BBOAATCA COOTBETCTBYIOUIHE BHIbLI SHEPruH,
Hanpumep: MexaHuueckas (n. 2°), BHyrpesusisi (1.5.4.2°,
11.4.1.2°), sueprus snekrpocraruueckux (111.1.7.5%), BryTpu-
anepubix (VI1.4.2.2°) BsaumonedcTBuil U Ap.

DHeprus NOJYUHSIETCS 3aKOHY COXpaHeHHs, KOTOpLifl sB-
JIfeTcsl OJHUM M3 BaKHEHIUMX 3aKOHOB [IPHPOXBL.

2°. Mexanuteckas sHepeus E XapakrepusyeT ABHIKEHHe
M B3auMOJeHACTBHe Tel M sfABJseTca (PYHKUHeH cKopocTefi H
B3auMHOro pacnojioxkennss ten. OHa paBHa cyMMe KuHETH-
geckoit K u moteHuuansHoll /1 sHepruf.

3°. Kunemuueckas snepaus MaTepHasbHON TOUKH HJIM Teaa
ABJAETCA MEpOH HMX MeXaHHUYeCKOro MBHIKEHHS, 3aBHCAMICH
OT CKOpOCTeHl HX ABM:KEHHS B JaHHOH HHEPUMANLHOH cHCTeMe
oTcyera.

Kuneruueckas sxeprua K; marepuanpHO$ TOYKH C Maccoft
m;, ABUXKyHieHic B JAaHHOH MHepUUAJBHOH cHCTeMe oTcuera
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€O CKOPOCTBIO Uy, WIH HMelomell HMNyJabC p;=m,;v;, PaBHa

KHHeTquCKaﬂ SHEPrusa K CHCTEMEI CKJAQABLIBACTCHA U3
KHHETHYECKUX Sﬂeprﬂl‘;l Ki BCEX n MaTepHasibHBIX TOYEK, H3
KOTOPHX COCTOHT CHCTEMa:

n n 2 n
— . mvi NV pi
K=Y K=23"2=3 TR

i=1 i=1 =1

Tlpun noctynaTtenbHOM JBHIKEHHH Tejla €ro KHHeTHYeCKas
S5HEPrusl paBHa MOJIOBHHE NPOM3BEIEHHUA MacChl m TeJa Ha
KBaJpaT CKOPOCTH ¥ MoGoil M3 ero Touek (Hampumep, LeHTpa
Macc), HIH KBajpaTy MMNYJbCa p Tejia, AeJIEHHOMY Ha yJABO-
€HHYI0 Maccy Tena:

mu? pe
K=—g=g.

3HaueHua KHHETHUECKOH 3HEPrHH MaTepuaNbHOMl TOUKH
HJIH TeJla 3aBHCAT OT BhIGOpa CHCTeMbl OTcYeTa, HO He MOTYT
6uiTh oTpuuareabhbiMu (KZ=0).

4, Teopema o KunemuuecKol asHepzuu: usMeHeHue AK
KHHeTHUYeCKOR 2HeprHH TeJla NPH €ro nepexofe H3 OAHOro
NONOXKEeHHs B Apyroe paBHo paGore A BceX cuJl, AeHCTBYIOIHX

Ha TeJo:
A=AMK=K,—K,

rie K, — XHHeTHUecKas SHEPrHs Te1a B KOHEUHOM II0JIOKe-
HuH, Kj — KuHeTyuecKas 3Heprus B HayajbHOM MNOJIOXEHHH.

Pa6ora mo6eIXx cua siBJsieTcs Mepoil H3MEHEHHS! KHHETH-
YecKoHl 3HEpPrHu Tesa WM MaTepuanbHOl ToukH. JleficTBue
cua, pa6ota KOTOPHIX Ha JAHHOM y4yacTke TPaeKTOPHM NOA0-
KHTe/IbHA, NPHBOMUT K YBEJIHYEHHIO KHHETHUEeCKOH 3Hepruu
tena (AK>0, niu K,>K,). eiicteue cui, pa6oTa KOTOPHIX
OTpHIlaTe/bHA, IPUBOAUT K YMEHBILCHHIO KHHETHYeCKofl SHep-
run Tena (AK<<0, nmn K,<<Kj;).

5°. ITomenyuanvoi snepeued I1 Ha3piBaeTcsi 4acTb Mexa-
HHYECKOH 3HEPrHM, 3aBUCAMlAS OT KOH(QHUIYpalMH CHCTEMHI,
T. €., OT B3aUMHOTO Paclo/IOXKeHHs ee yacTell B UX MOJIOKEHHS
BO BHeIIHEM cHJIOBOM mose. [loTeHuuanbnas 3Heprvs 3aBHCHT
OT OTHOCHTEJIbHOrO PpAacfioJlOKeHHsl B3aUMOJEHCTBYIOLIMX Ma-
TePHANbHBIX TOYEK, Tesi (UJIH HX HacTefl) H OTHOCHTCHA KO BCel
COBOKYMHOCTH (cucTeMe) B3auMOZEHCTBYIOIHX 06beKkTOB. Ilo-
ITOMY €€ HasHIBAOT B3AUMHOL NOMeHyuasbHoU dHepeuet WK
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sHeprue TeX MJM MHBIX [OTEHUMAJAbHLIX B3aumoaeficTBUil
(nanpumep, MOTEHIHANbHAs 3HEPTHs IPABHTALHUOHHOTOG B3au-
MOJEHACTBHA JAHHBIX TeJ, NOTEHLMANbHAS 3HepTHs YIPYroro
B3auMojeiictsua u Tt. A.). Korma roeopatr o noreHuuanbHOH
3HEpPruH OQHON MaTepHaJbHOH TOYKH WU ONHOro Tevia, BCeria
HMEIOT B BHAY ADyTHE TOYKH HJH Tesa, ¢ KOTOPLIMH paccmar-
pHBaeMble HAXOAATCH BO B3aHMOZEHCTBUH.

TlockonbKy BO BCeX NpPAaKTHYECKHX 3ajayaXx HHTepec
NPeAcTaBaseT PasHOCTb 3HAUEHUH MOTeHIHanbHOH 3Hepruu,
HyJb OTCYeTa TOTEHUHAJbHOH 3IHepruy BHIGHPAIOT MPOH3-
BOJIbHO, DYKOBOACTBYSiCh COOOpaXKeHHAMH YOPOIICHHA pe-
lleHns 3aja4d. B cBAsM ¢ 3THM nNOTEHUHMANbHAs 3SHEPrHus
MoxKeT ObITh TONOKHTEILHOH, OTPHuUATENBbHOH WX paBHOH
Hyawo ([1=0).

6°. Mepolt u3meHEHHS NOTEHUMANbHOH HEPTHH  CHCTEMBI
[pH ee [epexole U3 OAHOrO COCTOAHHSt B JPyroe sBJ/SIETCA
paGoTa INOTEHIHANBHBIX CHJ, OCYWECTBJMIOUMX B3auMOJeli-
CTBHE MeX1y O3JeMeHTaMu cucrtembl. Ilpu sTom padota A,
NOTeHUHa bHBIX CHJl paBHa naMeHeHuwo AJl moteHUUaNbHOH
SHEPrMH CHCTEMBl NPH ee Tepexojle U3 HAYAJABLHOrO COCTOS-
HHA B KOHEYHOe, B3SITOMY C OOpaTHBIM 3HAKOM:

Anm':_ AH:“(HZ—HI)’

rae 1, — DOTeHUHANbHASA - 9HEPrUsl CHCTEMbl B KOHEYHOM CO-
crosinuf, [Iy — noTeHuUabHAasi SHEPrUst CHCTEMBl B HAYaJb-
HOM COCTOSIHHH. )

YuuteiBas QopMysel AJs pacuera paBGoOThl HEKOTOPHIX MO-
TEHUHAbLHBIX CHJ, TpuBefennbie B 1.5.2.2°, 3°, MoxHO TONY-
UUTH BbIpAKEHHA JJIA TNOTEHUHANbHON 3SHEepPruu B3auMomel-
CTBUA NPOCTEHLIMX MEXAHUYECKUX CHCTEM.

[Ipumep 1. lloreHumansHasa 3Heprust TpaBUTALHUOH-
HOTrO B3aUMOJEHCTBUA CHCTEMBI ABYX MarepHaNbHBIX TOYEK C
MaccaMH m M M, HaXo[AUUXCS HAa PACCTOSTHHU 7 OAHA OT
Apyroif, paBHa

S

’

rae Y — rpaBHTaunoHHas nocrosHuas (1.2.8.1°), a Hyss
orcyeTa ToTeHUMaNbHON 3Hepruu (/7=0) npuHAT npe r=co,

TlorenunanbHas 3Heprus TrpaBUTALMOHHOTO B3aHMOJEH-
CTBHSl Teaa Maccoll m ¢ 3emaedt

ymMgh

= w5
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rge h — BhiCOTA T€1a Haj MNOBEPXHOCThIO Jemau, Mz —
Mmacca 3emiH, Rz — paauyc 3emJH, a HyJb OTcYeTa MOTEH-
HMagbHOH 3Heprun BoOpan npu hA=0.

[lpu ToM e ycaoBuz BHIGOpa HyJIsl OTCYeTa MOTEHNMa/bs
Has SHEPrusl I'PaBHTAIlHOHHOTO B3aHMOJEHCTBHS Teja MaccoH
m ¢ 3emaeit aas Manwix BHcoT h (h<&R3) paBHa

Il =mgh,

TAe g — MOAYJb YCKOpeHHsl CBOGOAHOrO mnajeHus BOJM3H
noBepxHocTH 3eman (1.2.8.4°).
MMpumep 2. lNorenuuanbHas sHeprua ynpyruax B3au-
MojelicTBHll paBHa
k(A2
rie k — Kosdpuunent Kpasnynpyrofi cuamt (1.2.9.4°), Al —
MO}I}XZJH: BEKTOpa yAiuHenus nau cxatua (1.2.9.4°).
€1 KoopiuHaTHast ocb Ox coBnapaer ¢ Junued naedi-
CTBHA CHJBI YNIPYTOCTH, TO
kx®
N==,
npuuem [1=0 npu Al=0, wan npn x=0. Hyab orcuera no-
TEHLMANbLHOA HEPTHH COOTBETCTBYET TAKOMY COCTOSIHHIO CH-
CTEMBI, IPH KOTOPOM CHJIbI YIPYrOro B3auMOAEACTBHA MeMpy

TenamMu (MM YacTAMH) CHCTeMHl PaBHHI HYJIO (CM. TaKmKe
11.4.1.4°).

5.4. 3axkoH coxpaneHMsi MeEXaHHYeCKON SHepTHH

1°. 3akon coxpanenusn mexanuteckol SHepzuu: MeXaHHYe-
CKasi SHEprHsi KOHCEPBATHBHOM CHCTEMBI COXPaHSETCs 1OCTO-
AHHOM B Tpolecce ABHMKEHHS CHCTEMBI:

E =K+ Il =const.

2T0T 3aKOH CNpaBeJJINB KaK Ji/isl 3aMKHYTHIX,, TAK H JIsl HE3aMK-
HYTHX KoHcepBatuBHHIX cucteM (1.5.2.6°).

MMpumep 1. Lenmpanrouoil abcoromno ynpyeud ydap
(ynpyeoe cmoaxnogenue) ABYX IapoB. YOapom Has3HBaercs
fABJICHIE H3MEHEHHs CKOpPOCTeH Tea 3a oyeHb MaJbifi npome-
XYTOK BPeMeHH HX CTOJKHOBeHHs. YJap HasniBaercst abco-
AIOMHO Ynpyaum, eCM CHJIIbI B3aUMOJEHCTBHSA COYAapAomuics
TEJ NOTEHUMalbHbi H B pe3yJbTaTe B3aUMOJEACTBHS MeXaHH-
yecKas 3SHEPrufA CHCTEMbl He H3MEHAeTCsA. YAap HasbiBaercs
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YEHMPAAbHLIM, €CTH CKOPOCTH Tea JO yJlapa HanpaBJeHbl
BAOJIb JIMHHH, COCJHHAIOUWIEH LEeHTPHl Macc Tel,

JBa wapa ¢ maccamu m; M m, ABHKYTCH NOCTynaTeabHo
BJIONb TOPH3OHTAABHOH HPAMOH CO cxopocmMH Vi H v,
(puc. 1.5.9, a). TpeGyercs on-

peleNuTh CKOPOCTH I1I4POB Uy

U U, nociae abCcoMOTHO YNpy- y @—) G—->
roro yaapa {puc. 1.5.9, 6). L

. XoTf cucreMa IIapoB He "
AIBJISIETCS 3aMKHYTOH (Ha Kax- C\Q Z
Al map jeficTByeT cuaa Ta-
JKeCTH M €Il KaKaf-To cHuJa,

YPaBHOBEIUHBAIOMLAS CHAY TH-

MECTH), K . CHCTEME MOXKHO Puc. 1.5.9

NPUMEHUTh 3aKOH COXPaHEHHS
DNpOeKUHH KMNYJbCa Ha KoopiuHaTHYio ock Ox (1.2.6.3%):

MUy + Moy, == Myl —+ Mylly .

CucreMa 11apoB KOHCEPBATHBHA, H NOSTOMY K Heli mpume-
HHM 33KOH COXPaHEeHHs MeXaHHWYeCKOH SHEPrud B BHIE

m101+m202 mlul mzuz

+

TaK KaK [NoTeBlMa/bHasa 3HEPrua HiapoB B- NOJE TATOTEHUA
3emnn NMpA ABHXKCHHH 10 IOPHU3OHTANH HE H3MEHsETCA.
3aﬂaHHbIe CKOPOCTH V; H V, HaANpaBJIEHL! BAOJL KOOPIM-
HaTHOH OCH Ox a4 HCKOMbi€ CKODOCTH 115 M 1, B AAHHOM Chyuae
MOTyT 6LITh TOJH:)KO ropHBOHTaJ]bHHMH HOSTOMy Ui =0y,
Ugy=Ug, ul ulx, uﬂ uﬂx'
Ha ocnopanun Bcex 3anHCaHHBIX PaBEHCTB HMeeM

(my— my) 01+ 2mgva _ {mg—my) vy} 2mlul
n u, =
my—+my 2 my gy

Ecnu, B wactHOCTH, cOyJapsliolHecs aphl MMEIT OAHHA-
KOBHIE Macchl (m;=m,), TO

u]'x ==

U, =0, H Uy, =7,

B sTom cayuae mapel B pesyJibTaTe yAapa «0OMEHHBAIOTCS»
CKOPOCTSMH.

Ecny Bropofi map fo yAapa noxouicsi (v,=0), 1o

_ my— 1My _ 2m1
U=y N e iy
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Mpu m,>>m, nepseiit wap nocje yaapa Gyier npojo/xKarb
JBHraThCsl BIIPaBO, HO ¢ MeHbuIell ckopoctbio. [Ipu my<lm,
nepBuIfl Wap nocie ynapa OyleT ABHrathbcsl BJEBO. Bropoi
wap B o60MX cJydasix mocne yaapa GyJeT ABHrathcsl BIPABO.

Ecan npu v,=0 Oyzer BbINOMHATbCA YCAOBUE M<Ky, TO

Ui, "—0v; U U, ~0.

Hanpag/ieiine CKOpPOCTY JIErKOro [iapa MHoc/je LeHTpasb-
floro  a6CcoJIOTHO YOPYroro yHapa O MacCHBHBIH HeNOoABHXK-
Hbill wap GyleT W3MEHATLCA HA NPOTHBONOJOXKHOE.

[Tpumep 2. AbconmoTHo TBepjoe TeJ0 Macchl M MOJ
neficTBHeM cuasl TaxXecTH P nepemenaercsi U3 Toukd I B TOUKY

2 BOGau3u nosepxHocti 3emau (puc. 1.5.10),
. Touka / naxopurtcsi Ha BHICOTE /i; OT NOBEPX-
HOoCcTH 3eMJiH, a TOYKa 2 — Ha BHICOTE H,.
P Onpepe/HTs CKOPOCTb V, TeJIa, €CAH €ro
Haua/jbHas CKopocTh paBHa Hymo (vi=0).
2 Iy B 1aHHOM c/ay4Yae MOXHO CYUHTATh CHC-
TeMY COCTOSAIILIEH BCero U3 OAHOIO TeJla Maccon
hy m, TMOCKOJIBKY TIPU €ro JBUKEHHH COCTOSiHUE
3emsid UpaKTHUecKH He H3meHsiercs. Cuc-
TRNRRY  Tema HesaMKHYTa, HOO HMeeTCsl HeypaBHOBe-
Puc. 1.5.10  UIeHHAas BHewHsd cusna P, HO KoHCcepBaTHB-
Ha, TaKk Kak cuaa TAxectH P sBAserca
noTeHNuaabHON cuJof. [IpuMeHHM 3aKOH cOXpaHeHHs Mexa-
nuyecku#t sHepruu. Pabora A, CHJABI TAXKECTH paBHa H3-
MEHEHHIO KHHETHYECKOH SHepruu Tena:

ArumzAKsz‘—Kl‘-

KpoMe Toro, sta paGota paBHa H3MEHEHHIO MOTEHHUAILHOK
3HEPrHd Tesma, B3ATOMY C OGpaTHBIM 3HAKOM:

Arﬁm:—AH:—“_(nz——nl)'

m

[Toatomy
K,—K,=—(1,—1), wa K,-+1T,=K;+1,.
B unepumanbHo#t cucreme orcuera, cpszanHof ¢ 3emselt,

U 1px Buifope HYJSl OTCYeTa MNOTEHLHMAJLHOH 3HEpPruM Ha
TOBEPXHOCTH 3eMJIH HMeeM

2 2 2 3
mu; mu U v
S+ mgh, ="t - mghy, wnn 3+ gh, =%+ gh,.

[Tockosibky v,=0, TO
Uy = V2g (hl‘_hz)
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(BTOpOfi KOpeHb KBajpaTHOTO ypaBHeHHs B JaHHOM cJyuae
(U3NYECKOTO CMBIC]a He HuMeer). Bexrop v, HanpaBjeH 1o
BepTHKaay BHU3 (cp. 1.1.7.4%).

2°. Ecoy crcrema B3aMMOZENCTBYICIMX Tel 3aMKHYTa, HO
HEKOHCepPBATHBHA, TO €e MeXaAHWUeCKas 3Heprusi He coxpa-
Hsercq. lameHeHne MeXaHHUYeCKOH SHEPTHM TaKoH CHCTEMb
paBHO paboTe BHYTPEHHHX HENOTEHILHANBHBIX CHJ:

AE = Az,

IlpuMepoM TaKoil cHCTEMBI MOMKET CJYXKHTL CHCTEMA, B
KOTOpOH Hapsiiy ¢ OOTEHNUAJbHBIMH CHJAaMH JeficTBYIOT
cuipl Tpenusi. Cusbl TPEHHs NPH JBHKEHUH CHCTEMBbl YMEHD-
HIZI0T ee KWHETHUEeCKYlo dHeprHio. B pesysnTarte 3TOrO0 Mexa-
HHYECKAsl SHEPrus 3aMKHYTOR HEKOHCEePBATHBHOH CHCTEMB
Bcerja yMeHbLIaeTCsl, llepeXois B JHEPruic HeMeXaHHYeCKHX
opMm ABHKEHMA.

YO6uIb MEeXaHHUECKOH 3HEPTHH HEKOHCEPBATHBHOM CHCTEMBI
HOPHBOJHT K YBEeJNHUEHHIO sHympexnell suepeun U cuCTeMbl
(11.4.1.2°). Inn saMKHYTOH HEKOHCEPBATHBHOM CHCTEMbl Bbi-
NOJHACTCS 8aKOH coxpauenus noanoi suepeuu & (11.4.1.1°%),
paBHOH cymMe MmeXaHndecko#t E u BHyTpeHHe#i U 3neprui
CHCTEMEI:

& =F + U =const.

3°. 3akoH COXpaHEHHs] MEXaHHYECKOM SHEPrHu He BHINOJ-
HAleTcsl B HE3aMKHYTOH HeKoHcepBaTWBHOM cucreMe, Mame-
HeaHe AE MexaHHUeCKOH 3SHeprH# Takoll CHCTeMBl paBHO
cyMMapHol paboTe BRYTPEHHHX H BHEWIHNX HeNOTEHUHAJbHBIX
CHA:

AE=ASHYTP+AEHEHIH

H CONPOBOXKJAETCA W3MEHEHUEM BHYTPEHHEll SHepruy CHCTEME,

[pumep. Leumparvaoid abcoaomno Heynpyeud yoap
(Heynpyeoe cmoaxuosenue) nByx wapos. [lpu abcoawmeno
Heynpyeom yoape MeXIy TeJaMH AEHCTBYIOT HeNOTeHLHaJb-
Hble CHJIBI, H TCCJIE TAKOTO YAapa Teja ABHXKYTCS KakK ONHO
nejoe ¢ obmwell CKOpOCTbIO.

[TycTb CKOPOCTH MOCTYNATENBROTO FOPH3OHTAJBHOTO LBH-
JKEHUA IIApPOB C MaccamH m; ¥ M, A0 yAapa OBJAH COOTBET-
CTBEHHO paBHH v; M v, (puc. 1.5.11, a), a nocne abcoiotHo
Heynpyroro yzapa nx ofinas ckopoctb pasna u (puc. 1.5.11, 6).

CicreMa mapoB HEKOHCepBAaTHBHA M He3aMKHyTa, M6o Ha
KaXIplH 1ap JAeHCTBYIOT BHENIHHE CHJIBL — CHJIA TSXKECTH H
Kakas-T0 CUJ1a, YpaBHOBEIUMBAIOWAS CHAY TsxecTn. Boc-
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NO/Ib30BABILINCh 3aKOHOM COXDAHeHHsl MPOEKLUH HMITY/bCa
(1.2.6.3°) Ha TOPH3OHTANBHYI KOOpAUHATHYIO och Ox, no-

NYYHM
m, m
2 \i G—ﬁ MyUs, + M0, = (M- m,) U,
HJH, C yYETOM HanpaBJieHHs BeK-

4

TOpoB cKopocTell H ocu Ox,

ﬂ aa
5 C)O_,u M0y + Mgy = (gt my) 4,
yL OTKYAA
0z " =m101+m202
Pue. 1.5.11 my g

HNsmenenne AE mexanuuecko#t
SHEPrUM CHCTeMB ABYX ILApOB onpejefsercss B HAHHOM CaY-
Yyae M3MEHCHHEM KHHETHYECKOH 3HEepruy IUapoB B pe3yJbrare
HeyNpyroro CoyNapeHus:

AE=K,—K,,
THE

K, = utm @

2
Kl — mlgl m;vg

Bocnosib3oBaBILHCh [IOJIY4YCHHBIM BBIpAXeHUEM A U, UMEEM

AE =M +-my (mlv1+mzvz L mlvzl_m,vg__
2 my - mg 2 2
myMy

I

VYMeHbllUeHHe MeXaHHYeCKOH 3HEPrHH CHUCTeMbl JABYX IIapoB
COMPOBOXKAAETCA BO3pACTaHHEM BHYTDeHHEH 3Hepruu 3to#
CHCTEMBI.

4°, Bmopoii Kocmuueckoti ckopocmbio Vi; Ha3bIBAETCA. Hak~
MeHbHIAsl CKOPOCTh, KOTOPYIO HYXKHO COOOLIHTL Tesy, YTOOH
OHO, MpPEOJOJEB T'PaBUTALMOHHOE MNpUTAKEHHe 3eman (UJH
JIyHBI, HM KaKOro-To APYTOro MacCHBHOrO He(ecHOro Tena),
YAAnuJI0Ch OT Hee Ha OECKOHEUHO GOAbLIOe PACCTOsIHHE!

2yM N
Uy = / YR:’ =V2gR3z 11,2 gkm/c.

(Ul_'vz)’: < 0.

5.5. MouHOCTD

1°, Cpednedi mowynocmero P, Ha3piBaeTca (pu3HYECKas
Be/MYMHA, ONpejensieMass oTHoweHueM paGorsl AA cunbl uix
CHCTeMBl CHJl B TeueHHe KOHEYHOTO MPOMENKYTKa BpeMeHH Af
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K 3TOMY TPOMEXYTKY BpeMeHH:

AA
PCDZZT'

2°. Mouyrnocmuro (merosentold mouyHocmoro) P vaspiBaetcst
(usnueckas BeJMYAHA, PaBHas Npeieny, K KOTOpOMY CTpe-
MHTC CpeAHAs MOWHOCTh NpH GECKOHEUHOM YMeHbIIERHH
DBPOMEXYTKa BpeMenu Al

. . AA
P=1limP_ = lim ==.
At0 P arso B

Ecan MarepuanbHas TOYKa HAM TEJI0 NepeMemarTcs co
CKOPOCTbIO V, TO

P=Fvcosa,

rhe @ — yroa Mexay BeKkropamu F u v,

Faaea 6
SJIEMEHTH! THAPOAIPOMEXAHUKH

6.1. Mexannueckue CBOHCTBA XMMAKOCTEH M rasos

1°. Tulpoaspomexanuxod HasviBaeTcs pasiest (U3NKH, B
KOTOPOM H3YyHYaloTcsi 3aKOHbl PaBHOBECHS W ABHIKEHHS Muf-
KOCTe#l M T'a30B, a TAKXKe B3aNMOJEHCTBUE HKUAKOCTEH H Tas3oB
¢ TBEpALIMH TeJIaMH.

B eulpoaspocmamuxe paccMaTpHBalOTCsl YCJOBUS W 3a-
KOHOMEPHOCTH DPaBHOBECHS JXHMAKOcTefl W TasoB HoJ Bo3zei-
CTBMEM TPUJIOMEHHBIX K HHM CHJ M, KPOME TOTO, YCJOBHA
paBHOBECHS TBePABIX TeJl, HAXOASMIMXCA B JRKHIKOCTAX WM
B Fasax.

Tudpoaspodunamura n3yuaer 3aKOHBI JABHIKEHHA KHJAKO-
cTell M rasoB, a TAKXKe B3aUMOJEHCTBHS JKUIKOCTell M raszos
C TBepJABIMH TeiaMH NPH MX OTHOCHTEJBbHOM JBHIKEHHH,

2°. KoHKpeTHOe CTpOeHHE KUIKOCTH MM rasa B rHApOas-
poMexaHHKe He YUHThIBAaeTCH, H OHH DPaccMaTpHBAIOTCS KaK
CnAOUIHbIE Cpedsl, HeNPEPLIBHO PacnpeiesieHHbIe B IPOCTPAHCTBRE,
K cunpno paspexennnim rasam (11.1.2.2°) momens crnsomnoit
cpeiH HeNpHMeHHMa.

3°. OrnnuntennHol OCOGEHHOCTBIO XHAKOCTEH ¥ TIa3oB
ABNIAETCA HX meKyuecmb, KOTOpas CBA32Ha ¢ MaJbiMH CHJaMK
TPeHHs NPH OTHOCHTEIBHOM JBHXKEHHH CONpHKacalomuXxcs
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cnoes. IIpn GeckoHEUHOM yMeHBIIEHHH CKOPOCTH OTHOCHUTENb-
HOTO JBHXKEHHS CJIOEB CHJIBI TPEHHS MEKAY HHMH CTPEeMsITCs
K HYJ0. JTuM OGBACHAETCS OTCYTCTBHE CHJI TPEHHS MOKOs
(1.2.10.2°) B ®uakoctsax H rasax.

B ornnune o1 TBepABIX Tes, XKUAKOCTH ¥ rasbl HE COXPAHSAIOT
CBOEH (OpMBI, a MPUHUMAIOT QOPMY TOTO COCYJA, B KOTOPBLIH
OHH 3akKJioueHbl. JKHAKOCTH OT ra3oB OT/AHYAIOTCA HANHYHEM
nosepxrocmnoeo  c108 (c6o0o0Hold nogepxnocmu) (11.6.1.2°),
GoJibIIell IIJIOTHOCTBIO MPH OAHHX W TeX MKe ycjaoBusx (3a
HCKJ/IIOYeHHeM KpuTHueckoro coctosnus, 11.5.5.1°) u xapak-
TepOM 3aBHCHMOCTH [JIOTHOCTH OT JAdBJjeHusi (MpaKTHdecKas
HECXKHMaeMOCTh KHJKOCTEA M 3aMeTHAs CKHMAeMOCTh ras3oB).

MsmeneHuio ofbema CrJIOIHOA cpenpl NPensiTCTBYIOT CHJIbL
ynpyroctd. IlockoabKy B3aHMOJCHCTBHA MEXIY CJOSIMH KHJ-
KOCTH WY Ta3a, a TaKxKe B3aUMOJEHCTBUS KUAKOCTEH U ra3oB
C TBepALIMH TeJaMH OCYLIECTBJSAIOTCR He B OT/JG/bHBIX TOYKAX,
a Mo IJOWA M, MpUYeM CHJBL YNPYTOCTH BCerja nepneHpy-
KYJSAPHB K paccMATPUBAEMBbIM [LIOMAKAM, 3TH B3auMoJef-
CTBHfl B THAPOAIPOMEXAHUKE XaPAKTEPUIYIOTCH OasAeHueM
(11.3.1.5%).

4°. M3-3a TOro, YTO MHOTHE COOTHOIIEHHS H 3aKOHBI B
FHAPOA’POMEXaHUKE CIIPABEA/UBLL KaK Ui MUAKOCTeH, TaK
M JJIf Tas0B, 4acTO [OJb3YIOTCA €NMHBIM TEPMUHOM «KHI-
KocTb». [Ipu HEOGXOAWMOCTH UORUEPKHYTHL pasjnuue MexAy
KHIKOCTRIO (XapaKTepu3yioillelics MOBEPXHOCTHBIM CJI0EM) U
razoM (KOTODHIi He HMeeT [OBEPXHOCTHOTO CJOsl) NEPBYIO
HA3BIBAIOT KANeAbHOL 2uUGKOCmbIO.

Hecocumaemoii mcudKkocmoro Ha3blBaeTcsl KanedbHast KHJ-
KOCTb MJIM Ta3, 3aBHCHMOCTBbIO MJOTHOCTEH KOTOPBIX OT AaB-
JIeHUsl B JAHHOM 3ajjaue MOXHO NpeHeGpedb.

Ecay 3aBHCHMOCTBIO IJIOTHOCTH ra3a OT JAaBJEHHA [peHe-
Opeub HeTb3s1, TO TAKOH ra3 Ha3blBaIOT CHCUMAeMOL HUTKOCTbIO.

6.2. TI'mapoaspoctaruka

1°. B orcyTcTBHE MM NpU KOMIEHCALHH BHELIHHX BO3fei-
CTBHMH Ha XKHJKOCTL B HHEPUMANLHOH CHCTEME OTCYeTa YacTHLA
CNJTOUIHOH Cpefbl HAXOJAKTCHA B PABHOBECHH, €CJIM DaBHA HYJIO
paBHozeiictByiowas (1.2.2.6°) Bcex cui, HeHCTBYIOIHX Ha
Hee co croponnl cocepuux wacrtui (1.4.2.1°). Takoe ke yec-
JIOBHE JOMKHO BHIIIOMHATLCH IPH paBHOBECHH Jio6oro 1o gopme
MaJIOro 3JieMeHTa 00bheMa, BBIAENEHHOrO0 BHYTPH KHIAKOCTH.
Dro NpUBONMT K 3aKkoHy Ilackaas: B NAHHOH TOYKE XKUJKOCTH
JaBjieHHe ONHHAKOBO 10 BCEeM HAMpPaBJCHHAM.
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Ipuwmep. Bayrpr xuakocty BbiAeseH Majblii 3JIEMEHT
o6bema B opMe NpsMoi TpexrpanHoil npusmsl (Ba puc. 1.6.1, a
YCJIOBHO NOKa3aHbl CHJbl YIPYTOCTH, AEHCTBYIOIMIHE HA IpaHH
NPH3MBL CO CTOPOHBI OKPY2Kaioulell KHAKOCTH).

Puc. 1.6.1

YenoBue paBHOBecHs BbijeJeHHOro ofbema
F1+ Fg+ Fs+ F4+F5=0
MOXKHO 3anHcaTb B BHAE ABYX PaBEHCTB:
F,+F,=0
(ycnoBue papHOBecHs CHJ, JAEHCTBYIOIIMX HAa OCHOBAaHHA
HPH3MBI) H
Fi+F,4+F;=0

(yc/n0BHe paBHOBECHS CHJI, AEHCTBYIOWIHX Ha T'PaHH NPH3MBI).

[Nocnennemy ycaoBUI0 COOTBETCTBYET 3aMKHYTBIA TPEYTo/be

HUK CHJl, DOACOHBIA TpPEYrojibHOMY OCHOBAHHIO NPHU3MbBL
(puc. 1.6.1, 6). IlosTromy MOXHO HanucaThb:

WM, JAOMHOXasi 3HameHaTean Ha BhicoTy AL npusmm,
Fq Fq Fs

Ax-AL ~ Ay-AL ~ ALAL °

Tak Kak 3HaMeHaTenH paBHBl MJIOWAASIM COOTBETCTBYIOIHX
rpaHelf Mpu3Mel, 3aKJIOUaeM, 4TO

P17 Py = Pa»

T. €. JaBJieHUsi Ha Bce OOKOBHE I'DAHU NPH3MBI OJMH2KOBHL.
K anajoruyHoMy BHIBOAY NPHMBOAHT DacCMOTPeHME paB-

HOBECH$I CHJl, NEHCTBYIOIIMX Ha OCHOBAHMSA INPU3MBL
[Mocnensee paBeHCTBO BhIpaxkaer 3akoH [lackais.
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2°. EciM XKMAKOCTb HAaXOJUTCH B TOJE CHJIBI TAMNKECTH, TO
NpY BHISICHEHHY YCJIOBUH PaBHOBECHS KAKOM-TO YaCTHIIBI MKUJ-
KOCTH HEOOXOAMMO YUYMTHIBATb HE TOJBKO CHJBLI €€ Yylnpyroro
B3aHMOZIEiCTBHSA C COCEHUMH YAaCTHIAMH, HO H CHJIY THAMKECTH
Janno#t uactmupl. TIpu 3TOM oOKasbiBaercsi, YTO JABJIEHHUS
BHYTPH KUAKOCTH Ha DasHEIX YDOBHAX He OYAYT OIUHAKO-
BbIMH. HesaBucuMO 0T OPMBI paccMaTpHBEEMOTO 3JieMeHTa
obbvema xugkocta (puc. 1.6.2), o Gyzer
HaXOJUTbCA B PABHOBECHH MDH YCJOBUH

Py— Py = Pgh,— pghy,

TAE p; U p, — JABIEHHA B KHAKOCTH HA
ray6uHax h; w hy; OT ee NOBEPXHOCTH,
p — IWIOTHOCTb IKWAKOCTH, g — yCKOpe-
Hue CBOGOAHOIO NajeHHs.

Eciiu Ha ypOBHE NOBEPXHOCTH XUAKOC-
TH (1, =0) naBieHue p, H3BeCTHO (HaMpHMep, OHO PABHO JaB-
ACHHIO OKDPYXKAIOLero BO3JyXa, [ABJACHHIO HAa MHAKOCTb CO
CTODPOHHI MPHJIETAIOMIero K ee MOBEPXHOCTH MOPINHA H T. A.),
TO AaBJEHHE p HA MPOM3BOJILHON INyGuHe A GyJAeT paBHO

p=po-+pgh

H B JlaHHOH Touke OyAeT OJAHHM H TEM XKe MO BCeM Hamnpapje-
HHAAM B COOTBETCTBUH C 3akoHoM Ilackans.

JlaBiienne, BHIBBAHHOE CHJIOA TANKECTH KHUAKOCTH M 3a-
BUCAIICE OT IVIYOGHHBL MQA IOBEPXHOCTBIO KHMAKOCTH, HA3H-
Baetcs  eudpocmamuueckum Oas-
ACHUEM.

Fugpocratuyeckoe JaBleHHe
YUMTHIBAETCA MPH  ONpeJe/eHHH
CHJT BO3JGHCTBHS KHAKOCTU Ha
JHO M CTEHKH COCyla, Ha TBep-
Able Tea, HAXOAAIHECS BHYTPH
JKHAKOCTH, NPH BLHIBOAE YCJIOBHS
PaBHOBECHs CTO/NGOB KHMAKOCTH B COOCLIAIOIMXCA COCyAax
¥ T. A

I[Tpumep. [se pa3sHOpPOAHbIE KHAKOCTH, IWIOTHOCTH
KOTOPBIX Py H Pg, HAJIUTH B cooliatouuecs: cocy bl (puc. 1.6.3).
YroOHl KHIKOCTH HE CMEIIHBANIUCh, OHH pasjeneHsl cBOOOAHO
nepeMeIlaoIUMCc 1opiuHeM B.

PasHoBecHIo cTONG0OB KUAKOCTEA H NOPUIHSA COOTBETCTBYET
ycaoBHe

Poi+ P18hy = o+ Pehy.
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Ecni cocyabl OTKPHITH, TO po;=p,; (4aBJIeHHS Y NOBEPXHOCT-
HbIX c/I0EB OOEHX MHIKOCTEH OAMHAKOBH H PaBHBI aTMochep-
HOMY JaBJ/IEHHIO) H

0180 = 0,gh,, wIH Pk =p,h,.

3akon -coobujarouuxcs cocy0os: BLICOTHL CTOAGOB pasHO-
POAHBIX XHIKOCTE# B COOOWIAIOLHXCS COCYAaX OOpaTHO mpo-
[OPUMOHAJIBHE IJIOTHOCTAM 3THX KHAKOCTEH:

b _p2
hy Pi'

Ecin B coofuiamomuxcs cocyjax HaXOZUTCS ONHOPOAHas
¥KHUAKOCTb (P1==P,), TO €e CBOOOJHAA MNOBEPXHOCTh BO Bcex
COCYAaX pachoJjaraercs Ha OJHOM H TOM e ypoBHe (f,=h,).

3°. 3akon Apxumeda: Ha Teno, NOTPYHKEHHOE B KUILKOCTb,
JeictByer stimaakusaouan (apxumedosa) cusa F,, paBHas
N0 MOAYJIO CUJle TSKECTH MKHAKOCTH, BHITECHEHHOH TeJIOM.

BuitankuBaiomas cusia BO3HHKAeT H3-3a TOro, 4TO 3Ha-
YEHHS THAPOCTATHUECKOrO MaBJEHUs Ha pasHmX rAyGuHax
HEOMHAKOBBI.

Ecu Te10 morpyxeHo B KUAKOCTh LEJUKOM, TO

Fa=0,8Vs

rie P, — IVIOTHOCTb KMAKOCTH, V. — oGbeM Tesa.

Ecau Tes0 norpykeHo B XKUAKOCTh He LEJHKOM H KaKad-To
qacTb oObeMa TesJa OcTaeTcss Hajl CBOOOAHOH IOBEPXHOCTHIO
WUAKOCTH, TO

FA = pmgvm
rae V, — o6beM 4acTH Teja, NOTPYXKEHHOH NOA CBOGOAHYIO
[IOBEPXHOCTb KHAKOCTH.
Touka npUIGKEHHsT BHITANKHUBAIOWEH CHJBI HA3bIBaeTCA

yenmpon Oagrerus (LEHTPOM MAcC TOTPYKEHHOH YaCTH TeJa).
Uentp naaenuss D cosnagaer ¢ uentpom mace C (1.2.3.4°)

Puc. 1.6.4
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TeJia TOJBKO JJifi ONHOPOAHOTO T€a, UEAMKOM IOTPYKEHHOTO
B OAHOPOAHYIO KuAKocTb (pHc. 1.6.4, a). Ing onxnopoasoro
TeJla, NOTPYMKEHHOTO B XUIKOCTb He LenukoM (puc. 1.6.4, 6),
¥ A5 HEOZHOPOAHHIX Tea (Ha puc. 1.6.4, 6 mjoTHOCTD 3aTpH-
XOBAaHHOH 4acTH GOJIbIIE NJIOTHOCTH OCTAJbHOM YacTH Tena)
LeHTp AaBJEHUS C LIEHTPOM MacC Tela Heé COBNajaer.

4°, Teno, norpy:KeHHoEe B >KHUAKOCTb, HAXOAMTCS1 B PaBHO-
EECHH, ecIi CuJia TAxecTH Tesla P ypaBHOBemuBaercs BbITal-
kuBaiomeid cunoit Fy:

P: FA'

Ecau npu 3a1aHHOM NOTPY:KEHUH Ha TeJO He JEHCTBYIOT
HuKakue Jpyrue cuibl ¥ F,~>P, TO Teso BCIJbBAaeT A0 TeX
nop, NOKa He OyJAeT BLINOJHEHO YCJiOBHE

pmgvn =P.

Ipu P>F, Teao ToHET.

6.3. JiBnKeHHe MUAKOCTEN U rasop

1°. JlpmxeHue (TeueHue) KULKOCTY HasHIBAeTCs CMAYUO-
HepHuM (YCmanosusumMea), €ciu B 3aJaHHHIX TOYKaX MNpo-
CTPaHCTBA CKOPOCTh MMAKOCTH HE 3aBHCHT OT Bpemenu. Ilpu
STOM B PasHbHIX TOYKAX NPOCTPAHCTBA CKOPOCTH KUAKOCTH
MOTYT OLITb HEOJAHHAKOBLIMH.

Ecay B (UKCHPOBEHHBIX TOYKAX NPOCTPAHCTBA CKOPOCTH
JKUJIKOCTH C TeYeHHeM BPEMEHU W3MeHSeTCs, LBVKEHNEe Ha-
3LIBACTCS HECMAYUOHAPHBLIM (HeYCMAHOBUBIUIUMCSL).

TeueHue KUAKOCTH, NPH KOTOPOM €e CONpHKacaioliHecs
con JBMKYTCH €e3 nepeMellMBaHWs, Ha3LIBACTCA AaMUHAD-
Hoim. TIpu mepeMemiMBaBUHK CJIOEB KUAKOCTH TeUeHUEe Hasbi-
paeTcs mypbyseHmHoim. JlaMHHapHOe TedeHHe MOMKeT ObiTh
KaK CTalUMOHAPHBEIM, TAaK M HecTanuoHapHbiM. Typ6yJentHoe
TeyeHHe Bcerja HecTanHoHapHo.

2°, Jlunus, KacarenbHas K KOTOPOH B AAHHOH TOYKE COB-
najaer NO HaNpaBJEHHIO CO CKOPOCTBIO JKHUAKOCTH B 3TOH
TOYKE B JaHHEIH MOMEHT BpeMEHM, Ha3LIBAeTCA AUHuUell moxa.
Ilpu eTanuoHapHOM TEYEHHH JKRAKOCTH JHHKH TOKA COBNAJAIOT
¢ TPAeKTOPUAMH YACTHI[ KHAKOCTU.

Tpybxod moxa Has3plBaeTCst TIOBEPXHOCTb, OOpasOBaHHAN
JYHHAMH TOKa, NMPOBEJICHHBIMY Y€pe3 BCE TOUKH MAJOro 3aMK-
HYTOTO KOHTypa, BBIIEJEHHOr0 BHYTPH KHAKOCTH. JKuZ-
KOCTh, TPOTEKAIOWYI0 N0 BCEll COBOKYNHOCTH TPYGOK TOKa,
HA3LIBAIOT NOMOKOM,
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TIpd CTaUMOHADHOM TeueHHH MHAKOCTH TPYOKH TOKa CO
BPpEMEHEM HE U3MEHAIOTCH 00 opMe, M YacTHIBl YKUAKOCTH
Npy JBMKEHUM HE BBIXOAAT 3a NPeiebl ONpefeneHHbX Tpy-
Gox Toxa. Ec/M CKOPOCTD MHAKCCTH MaJO M3MEHSETCS NpH
Oepexoje Or OAHOA TOYKH MNOMEPEYHOro CeueHHs MOTOKAa K
coceAHell, TO TPYOYy WJIM PYCJIO, M0 KOTOPLIM TEYeT KUAKOCTD,
NPHHUMAIOT 3a OAHY TPYOKY TOKa Goabiux pasmepos. Cko-
POCTBIO KHAKOCTH B [POM3-
BOJIBHOM CedYeHHH TaKOH Tpys- .
KH TOKAa 0PU 3TOM CUHMTAIOT 1/4 B
CPENHIO M0 3TOMY Ce4eHHIOo Y
CKOPOCTD., 0 ol

3°. BuympenHum mpetuem Puc. 1.6.5

(éasxocmero)  HaseBaeTca  AB-
JIeHHe BO3HHKHOBEHUS CUJI, [PENSTCTBYIOMIUX OTHOCHUTEND-
HOMY MepeMEelIeHHIO C/I0eB XUAKOCTH uau rasza. Cuasl BHyT-
PEHHEro TPEHHA HamPaBJeHH BAOAb CONPHKACAIOUIUXCA CJI0-
€8 (a He MepPNeHAUKY/JRPHO K HX MOBEPXHOCTSM, KaK CH-
Jbl YyNPYrocTH) W 3aBUCAT OT HX OTHOCHUTENbHBIX CKODOC-
Ted.

[IpuynHoil BHYTpEHHErO TPEHHA B rasax siBJAAETCS [EPEHOC
YaCTUIAMH [a3a UMITYJIbCOB MEXAY CONPUKACAOWMMHUCA CIOSfi-
mu. Ha puc. 1.6.5 ycaosHo wsoGpasenbl conpukacamouiecst
cion rasa I u 2, ABHXKYINHMECH C HEOAHHAKOBBIMH CKODOCTAMH
Vi 41 V, — OJIHH CJIOH CKOWB3HT 10 APYTOMY, HpPHUEM U >U,.
Ilepexon xako#t-To yactuuel A U3 HUKHEro CJIOsi B BEPXInti
ApUBEJST K TOPMOXKEHHIO nociegHero. Ilepexon vactuust B
M3 BEDXHEro CJIOsi B HUKHHH CBf3aH ¢ nepefadeil HuxHemy
CJIOI0 HMIYJIbCA, HMMEIOIEr0 COCTaBJSIOUIYIO, COBNAAAIONU;YIO
CO CKOPOCTBIO Vg, T. €: MEePEeX0j yacTvipl B OyleT conpoBox-
HaThCsl yBENMYEHHEM CKOPOCTH HUXKHero cjos. [lostomy na
BepXHHHA c/I0# rasa Gyjer AeficTBOBaTh CHJIAa TPEHHs, HANPas-
JIEHHAs! BJIEBD, a4 HA HMXKHMHA CI0H — CHa TpeHus, coBnaja-
I0Ias 110 HANPaBJICHHIO CO CKOPOCTHIO V.

Axanoruyno OGBSICHAETCH BOSHHKHOBEHWE CHMJ BHYTPEH-
HETO TPEHUSA B XKHUAKOCTAX MPH BHICOKHX TeMreparypax, Gus-
Kux k kpurngeckum (11.5.5.1°). Ilpu temneparype, Gnuskoit
K rtemncparype 3arBepaeBaHus (11.7.4.6°), mexaHH3M Bos-
HUKHOBEHUS CHJ BHYTPEHHEr0 TPEHHS B MKHAKOCTH HMEe
Gosee CcJOMHBIA XapakTep.

4°. Hdzaronoil (HesA3Koil) HudKOCHILI0 HA3LIBAGTCH CILIOWI-
Hag Cpeja, B KOTOPOH BA3KOCTb OTCYTCTBYET HJH €10 MOXKHO
npenedpedb, B NpOTHBHOM CJyYae KHAKOCTb Ha3bBAETCH
8A3KOL.

Vi

V2
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Jas noajep:kaHus TEUEHHS BA3KOH MMJKOCTH AABJAEHHS B
pasIMYHBIX CEUeHHAX TPYOKH TOKAa NO/XHEI OhITb HEOJMHa-
KOBHIMH — paf0Ta cHJ JaBJieHNs JOJKHA KOMIECHCHDOBAThb
HJIH TIPEBBIHATb PaboTy CHA BHYTPEHHETO TPEHHA.

5°. TIpu cranuMoHapHOM TEYEHHH MAacca MKHUAKOCTH, NPOXO-
Ismel yepes mo6oe nomepeuHoe ceyeHue Tpy6Ku TOKa 3a
€MHHLY BpeMeHH, octaercs HeusMeHHOH. JKugkocth He ckai-
JNuBaeTcsl B OTACMbHBIX 4YacTsX TPYOKM TOKa He ofpasyer
NyCTOT U He NEePeXOMuT B cOCeiHHE TPYOKU TOKA. DTO MO3BO-
JIsieT HaNUCaTh YpasHerue HepaspuieHOCMU JJi CTalUOHAPHOTO
TeueHHs MKHAKOCTH:

ouS = const,
rje p — IJOTHOCTb JKUIKOCTH, U — MOAYJb CKOPOCTH KHJ-
KOCTH B NPOM3BOJILHOM IONEPEYHOM CEYeHWH TDPYOKH TOKA
njomaslo S,

Ec/ii XHIKOCTh HECKHMaeMma, TO NJAOTHOCTh 0 BO BCeX
ceueHUAX TPYOKHM TOKa OjHa M Ta xe (p=const) U ypaBHeHne
HepasPLIBHOCTY NPUHNWMAaeT BHJ,

vS = const.

6°. CrefcTBHEM 3aKOHAa COXPAaHEHHSI MEXaHHYeCKoH sHep-
TMH AN CTAalMOHApHOTO TeYeHHs HECIKUIMaeMOH HeBS3KOH
JKUAKOCTH MO TpyOKe ToKa sABAAETCA ypasHenue bLeprnyaau:

p+pgh+ 3’; = const,

Ii€ @ — MJQTHOCTh MKHAKOCTH, U —— MOAYJAb CKODOCTH Teye-
HUS KUAKOCTY B CEUEHHUH TPYOKH TOKa, HaXOASIIEMCS Ha BhI-
cote A OT yCJIOBHO BHIGPaHHOTO YPOBHS, p — JABJIEHHE B TOM
e CeyeHMH TPYOKM TOKa, BHIBBAHHOE CHJIAMH YIPYTOCTH
KV IKOCTH.

Inst ropusaontanpHoii Tpy6kyu ToKa (h=const) ypaBHeHue
Bepayaiu ynpomaercs:

pv?

p+ o= const.

BenununiHa p B 5TOM ypaBHEHHH Ha3bBACTCH CHIAMUYECKUM Oag-
AeHUeM, PVY2 — cKOpoCcmHbIM (OUHAMUMECKUM) Hanopom, a
cymMMa p+p02/2 — noAHbiM Oagaerues (po).

M3 sTO0r0 ypaBHeHHs CJELYET, UTO B T€X CEUEHHNX TPYOKH
TOKa, TJe CKOPOCTb IKHUAKOCTH Gosblue, CTAaTHYECKOE AaB-
JIeHHe MeHblile, a B TeX CEYCHHUsSIX, TAE CKOPOCTb KHUAKOCTH
YMEHbIAETCH, CTAaTHUeCKoe AABJEHHe BO3PacTaer.

Ypasuenne DepHynnn DpPUMEHNMO K ABHXKyIuMcs Ge3
BHXPEHl peaJbHEIM rasaM, €Cli MX CKOPOCTH HEBEJNHKH (OpH-
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mepHo o 100 M/c), Tak Kak TOMbKO PH ITHUX YCAOBUAX Ce3
GobIION OMmMOKY MOXKHO INpeHeGpeyb CKUMAEMOCTBIO I'a30B.

IIpumep 1. [lonb3ysce ypaBHeHuem DepuyJuin, HalTH
CKOPOCTh HCTEUEeHHS HEBA3KOH HECKHUMAeMOH MHUAKOCTH H3
MaJIoTO OTBEpCTHS B OTKDBITOM COCYAE
(puc. 1.6.6). I |

YpaBHeHue Depuysnnu ans ceueHuit - ——
I (Ha nOBEPXHOCTH XKMAKOCTH B COCY- - =
Je) u 2 (momepeunoe ceueHHe BHIXOJ- /11

HOTO OTBepCTHS): T f-:tg
pui pv: SIS [y
p1+pgh1+_2'ng+ Pghz+“2"- > AN
Puc. 1.6.6

Ecnu npeneGpeur H3MEHEHHEM aT-
Moc(epHOTO HaBJACHHS B NpEfenax BLICOTHI CTOI6a JKUJKOCTH
B COCYyAE, TO py,==py H, CJIEIOBATEJbHO,

2 2
ghl’l_—%l':ghz'l_ ‘;—2'

Tak Kax naomajgb MONEepPeyHOro CEYEHHsT OTBEPCTHS MHOTO
MeHblIe IJIOWAAY CBOGOAHON MOBEPXHOCTH XKUAKOCTH, TO Ha
2

2
14 U3
OCHOBAHHH YyDPAaBHEHHS HEPa3PLIBHOCTH U <KV, ?1<<72, "

BTOPbIM CJlaraeMbiM B JIeBOH 4acTU ypaBHEHHUS MOXKHO npe-
HeGpeub. [losTomy

2
ghy = ghy +
OTKyJa
0,=V 2 (h—h,)  (popmyra Toppuserrw).

[Ipumep 2. Crarnueckoe JaBJieHHE B [IOTOKE *KUAKOCTH
MOXKHO M3MEPHUTp C MOMOIIBIO TOHKGH TPYOKHU, PacHo/IOKEHHOM
BAOJb [OTOKA H HMeEuiell oTBEpcTHEe HAa OOKOBOH CTEHKE
(puc. 1.6.7, a). Ecnu Takaa Tpybka coobujaercs c aTmocde-
poil, TO cTaTHYeCcKOe JABJIEHHE PABHO p=p,..+0gh, THe P, —
aTMocdepHOe AaBjieHue, QP — IJIOTHOCTb KHAKOCTH, A — BbI-
cOTa MOAHSATHA MKUAKOCTH B BepPTUKaJbHOA YacTH TPYOKH.

TTonnoe pamjeHue p, B NOTOKE XUAKOCTH H3Mepsiercs
TPYOKO! C OTBepCTHEM, PACIOIOKECHHBIM Ha €¢ KOoHue, o0pa-
LICHHOM HaBCTpedy noToky,— mpy6rott [Tumo (puc. 1.6.7, 6):

Po=Pax+ 0gH.
CKOpOCTHOH Hanop usmepsieTcs C NOMOWbI0 mpybxu [lu-
mo — [Ipandmas (puc. 1.6.7,6) no pasmoctu AH yposueit
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KHUIAKOCTH B pr6KaX TOJIHOIO H CTAaTUuYeCKOoro llaBJIeHYIﬁ:
pu? _

Taxoii cnoco6 npumensercss IJs1 H3MEPEHHS CKOPOCTH
NIOTCKA JKHAKOCTH UJIM Trasa, a TaKxKe JJIsi N3MepeBHus CKOPOCTH

Puc. 1.6.7

JBYKEHMS Da3nHMUHHIX TEd B JKUAKOCTAX W rasax. Ilpu pa-
GoTe B NOTOKEe ras3a TPyOKM INOJHOTO M CTaTHYECKOro JAap-
NEHUR  COELMHSIOT C MaHOMETPOM, KOTOPHI perHcTpHpyer
pasHocTh HaBiennidi Ap B sTHX Tpy6kax. Ilo pasHoctn nas-
JIEHHH H3MepseTess CKOPOCTh NOTOKA rasa (MM CKOPOCTH TeJa):

v=]/ﬂ.
P

6.4. Jipnxenye TBEPAbIX TeJ B KMAKGCTRX H rasax

1°. Bmecro Toro, urofn paccMaTpuBaTh JBHKEHHE TBep-
JCFYO Tella B HENOABHIKHOM CHJIOWIHONA cpeje, Ha OCHOBAHUH
MEXaHHYECKOro npuHuuna orHocurensHoctd (1.2.7.5°) moxHo
HCC/ENoBaTh NPOLECCH, OPOMCXOAfIIMe NpH OOTeKaHuu He-
TOABMXKHOIO TBEPAOTO Tejla NOTOKOM JKHAKOCTH HWJH rasa.
SdpexThl B3auMOKEACTBHSA TeJla C NOTOKOM NPH 3TOM OKasbl-
BalOTCA OJAMHAKOBBIMM (CHJBI B3aHMOAEHCTBHA, pacnpeneneHue
JlaBJICHHH 10 TNOBEPXHOCTH TeNa M T. A.), HO BTOpOH NyTh
npakTHyeckd npowe. Tax, HanpuMep, mpexsae uYeM necnaTh
JleTaTeNIbHBH  annapaT HOBO# KOHCTPYKUKMH B 0OOJeET, €ro
Mojie/ib (HaTypalNbHHX HJAY YMEHbIIEHHBIX PasMepoB) «npo-
JAYBalOT» B a3pOAMHaMHUecKoN Tpyo6e.

2°, Tlpu ofrekaHuM TBEpPIOrO TeJa BS3KON KHUIKOCTHIO
notok Jedopmupyerca. CnoH MUAKOCTH, HENOCPEACTBEHHO
conpuKacalliecs ¢ TeloM, NPUIUNAalT K €ro NOBEPXHOCTH.
Ha noeepxnoctu Tejia oOpasyercs nogparudHoili caod — 06-
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JacTb, B Openenax KOTOPOH CKOPOCTb KHAKOCTH H3MEHSCTCSI
OT HYJs1 O CKOPOCTH U,, HeBO3MylleHHOro nortoka. Ha puc.
1.6.8, o cxemarnuecku H306parceHO pacnpesesieHne CKopocTelt
B NOTOKE XKUAKOCTH, OOTEKAIoIeM MJIOCKYIO MJIACTHHY, a XU~
HOM IUTPUXOBOH JMHHUEHl 1OKa3aH MOTPaHAYHBIA CJIOH.

B xaxoit-To Touke nosepxuoctu Tena (touxa O Ha puc. 1.6.8)
MOJKeT NPOH30HTH OTPHIB NMOrpaHuyHoro ciosi. IIpu sToMm xuji-
KOCTb W3 IMOTPAHMYHOTO CJIOS BHIODACHIBAETCA B OCHOBHOM
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Puc. 1.6.8

HOTOK, ¥ 3a TOUKOHA OTpPriBa 06pasyeTcsl BUXpPeBoe TeyeHue (Ha
puc. 1.6.8, 6 nokasaH npHMepHEIi X0 JUHUA TOKA MHIKOCTH
JO TOYUKM OTPbIBA M 3a Hefl).

OT XapakTepHCTHK NOTPaHUYHOTO CJIOS1 — €0 TOJILIMHEL,
OT TOro, JaMHHAPHBLIA OH Wiau TypOyneutnnit (1.6.3.1°), u
T. A.— U OT 06Pa3yIOLIUKXCS NOC/E OTPBIBA NOTPAHUYHOTO CJIOS
BUXpell B OCHOBHOM 3aBHCHT CONDOTHUBJICHHE IBIKEHHIO Tesa
B MHUIKOCTH.

3°. Cuyuraercsi, YTO CONPOTHBJICHUE TPU ABIMEHUH TENA B
BAZKOHN XKUAKOCTH CKJIAJbIBACTCA H3 ABYX KOMIOHEHT: CONpO-
TUBJICHUST TPEHUS M CONMPOTHBJIEHUS HABJEHMSA.

Conpomugaetue mperus o6yCJIOBACHO CUIAMH BHYTPEHHETO
Tpeunsn (1.6.3.3°), BOHHKAOMUMH NPHU 3HAUHTENAbHBEIX nepe-
Mafax CKOpocTelf B MOTPaHUYHOM cJioe. DTH CHJIBl 3aBUCAT OT
dopMbt 1 pasmepoB Tesa, OT BS3KMX CBOMCTB XHAKOCTH H
NPONOPUHOHAILHLE CKOPOCTH OTHOCHT@IBbHOTO ABHIKEHHS Teja
U KHAKOCTH.

Conpomusaenue OagreHuss OUPEASNSeTCS PA3HOCTbIO JAaB-
neHuii Ha nepejHell M 3ajHedl CTOPOHAX o0TeKaeMoro Teua.
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Cij1a cONPOTHBJECHUA JABJEHUST 3aBUCUHT OT (OPMEL H pasMepoB
Tejla, NPONOPLUHUOHAAbHA IJOTHOCTH XKMAKOCTH W KBajpaTy
CKOPOCTH  OTHOCHTENIBHOTO JBHXKEHHSl Teda M KUIKOCTH.
HMubiMn cioBaM#, CONPOTHBJIEHHE JIaBJE€HHS NPONOPIMOHANBHO
cxopecriomy Hanopy (1.6.3.6°).

M3-3a TOro, 4TO CONpOTHBJIEHHE TPEHHS M CONPOTHUBJIECHUE
JABJIEHHS 110-PA3HOMY 3aBUCST OT CKOPOCTH Tesa, NPH OYeHb
MAJLIX CKOPOCTAX npeobajaioliiM OKa3EIBaeTcsl CONpPOTHB-
ACHHE TPEHHs, a IIPH OYeHb GOJNBUINX — COMNPOTHBJEHNHE NaB-
senud. B IMPOKOM JAManasoHe NPOMEXYTOYHBIX 3HauCHHUH
(xopocTel pacueT ofulero CONPOTHUBJAEHHS IBHKEHHIO Tesa
IpeACTARJSeT UPe3BLIYAHHO CJOXKHYI0 3ajady. IDTO COmpo-
THRJIEHE B KOHEYHOM CUeTe ONpeaessioT 3KCIepUMeHTalbHO
AJtst PasJIYHbIX T€J NPY PasAHYHBIX YCJAOBHAX HX JABUKEHUS
B KUAKOCTH HJIH rase.

4°, PasHOCTb CTATHYECKHX JABJEHUH B PasJHYHBEIX TOYKaXx
ICBEPXHOCTH TEEPAOTO Tesa, JABHKYLIETOCS B JKHAKOCTH WIH
ra3e, MOMET BBI3bIBATb HE TOJbBKO CHMJY CONPOTUBJIEHHS,
HO M TAK Ha3bLIBAEMYI NOOBEMHYIO CUAY.

[TpyunHO# BO3HMKHOBEHHS INOJNBEMHOH CHJBL SBJAETCS
suxpegoe Ogusicerue xudKoCmu uAU 2a3a BOKPYr Tena, o6Te-
Kaemoro noTokoM. Takoe ABMKeHHE Ha3BIBACTCH YuUpKyAlyued
{yupryrayua cxopocrnu). Tlpn BHXPEBOM JIBIDKEHHH JHHHH
TOKA KHAKOCTH HJIM rasa MMEIOT 3aMKHYTYIO (opMy, i Bcerga
MOXXHO HafTH Takol MBICJEHHBII 3aMKHYTHIH KOHTYp, 3a
npeneasl KOTOPOro JIMHHH TOKAa He BHIXOZAAT.

ITpumep 1. IlonvemHas cuna mpH o6TEKAHUH NOTOKOM
BA3KOH XUAKOCTH BPAIAlOLIerocs KPYroBOIro LHJIUHApa (s¢h-
exm Maenyca).

Ecnn Ha umAuHAp, BpAMAIOIMHIACH BOKPYP TOPH30HTAJB-
HOH ocu mno uvacoBoil crpenke (puc. 1.6.9), cieBa naGeraer
NOTOK BSI3KOH XKMAKOCTH CO CKOPOCTBIO V, TO BO3HHKAeT 100%-
emuan cura F,, nanpaBnennas psepX. Llnaunpp yeiexkaer
DpUJAeraliide K €ro nOBEPXHOCTH CJOH BA3KOH KHAKOCTH
BO BpalliaTeJbHOE ABHMXKEHHE IO YacOBOH CTpeNKe — BO3HM-
KaeT umpKyasuus. Ecau Junuy ToKa @ ¥ b sBAsiorca rpa-
HHLAMH HEBO3MYILIEHHOTO NOTOKAa, TO B CEUYCHHH a¢ TPYOKH
TOKAa PE3YJbTHPYIOImAsi CKOPOCTL XHAKOCTH Oyier Goabluue,
yeM B ceyenun db. CrarHueckoe AaBJI€HHE Y HHKHHX ToOueK
nuInHApa Gyner Goabiue, 4eM Y BEPXHHX. ITO M npUBEAET K
BO3HHKHOBEHHIO ToOAbeMHOR cHabl F .

[Ipumep 2. [Togbemuas cusia Kphlia camosera.

INpodunn xpewia camosera, NpeaHasHAYEHHOTO AJs MO-
JIETOB CO CKOPOCTbIO, MEHbiLEH CKOPOCTH 3BYKa (npoghuiu
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JKyKo6ckoe0), WMelOT BHA, YCJIOBHO M306paeHHHIl Ha pHC.
1.6.10.

Ilpyu ofTekaHHM TAKOTO KPHIIa OTPHIB IOI'PAHHYHOTO €05
IDPOKCXOAUT TOJIBKO Ha €ro 3ajned Kpomke. Eciu norok Bos-
JiyXa HaGeraer cJieBa, TO BUXpeBOe ABHIKEHHE Y 3alHeH KPOMKH
Kpba GyzerT npoMCXOAUTb NPOTHB 4acoBoH cTpejkd. B cu-
CTEME «KPBLIO — Haberamomuii NOTOK» MNPHU 3TOM  JOJIKHO
BO3HMKaTb BHXPeBOe JABMJKEHHE BO3AyXa BOKPYI Npodnas

Puc. 1.6.9 Puc. 1.6.10

KPbiJia 110 4acoBOfi CTpeNKe. DT0 NPUBOJUT K TOMY, YTO pe3yJib-
THPYIOWAs% CKOPOCTb TNOTOKA BO3AyXa Haj KpeuioM Gyaer
Gonbiie, yeM nof KpulioM. CTaTHUecKoe AaBJiEHHE Yy HHKHEN
NOBEPXHOCTH Kphina Gyzer Goubiue, ueM y Bepxueil. Ilepenan
naBiennit u obecneunt cuay F, JeRCTBYIOIYIO Ha KPHUJIO.
Ee BepTukanpHasi cocTaBisiomias Fp sBiasercsd HOXbEMHON
cusol, a ropusoHTasbHas cocrasamoman F, — cunoit co-
nporusjiennsi. Iloc/efnas ypaBHOBEIIMBAETCH HJH NPEOAO-
JIEBAeTCA CHJIOH TATH ABUTATENA CaMOJIETa.



Omaoean II

MOJIEKYJ/IAPHAA SUSHKA
H OCHOBbl TEPMOAHHAMHKH

Faraea |1
OCHOBB! MOJNEKYJAPHO-KHHETUYECKON TEOPUH

1.1. OcHoBHbie NOHATHA H ONpeleJCHUS

1°. Moaexyaspro-kunemuyeckoll meopuetl Ha3nBaeTcs yue-
HKe, KOTOPOe OGBSICHAET CTPOEHHE U CBOMCTBA Tes JBUKEHHEM
H B3aMMOJICHCTBHEM aTOMOB, MOJIEKYJ W HOHOB, H3 KOTOPHIX
cocTosT Tesia. B OCHOBE MOJEKyJisipHO-KHHeTHYecKoH Teopuu
JIEXKAT TPU BaXKHEHIUHX [OJOMXEHUsI, KOTOPBIE NOJHOCTHIO
NOATBEPIKAEHBl 3KCMNEePUMEHTA/IBHO UM TeOpPEeTHUECKH:

a) BCE TeTa COCTOSAT M3 YacTHL — MOJIEKYJ, aTOMOB M HO-
Hoe. B coctaB aToMOB BXOAST Gosiee MEJIKME 3AeMEHMApHbie
wacmuysr (V1.5.1.1°);

6) aTOMB!, MOJIEKYJIbl ¥ HMOHBI HaXOJATCA B HE[IPEPHIBHOM
X20THYECKOM JBUIKEHUH;

B) MEXJy YacTHUAaMM JIIoOOro Tesa CYIeCTBYIOT Cuabl 63au-
modeticmsus — npumsancerus u ommankusanus (11.1.4.3°, 4%.

ITH MCXOAHBIE MOJIONKEHHA MOATBEPIKAAIOTCS SBJICHH AMH
augxpysun  (11.1.3.1°), GpoyHOBCKOrO JABHMIKEHHs, OCOCEHHO-
CTIMH CTPOEHHSI H CBOHCTBAMH MKHJAKOCTEH H TBEDABIX Ted,
a TaKyKe HCCIENOBAHHAMH B 06/1acTH (U3MKH 3JIeMEHTapHBIX
yacTuil.

2°, Amomom HasbiBaeTCsi HaWMEHbIIAs YacTHIA AAHHOTO
XHMHYECKOro ajieMeHTa. KaIoMy XHMHUYECKOMY 3JIeMEHTY
COOTBETCTBYIOT BIIOJIHE OIpEejE/icHHbIE aTOMBI, COXpaHAIomue
XUMHYECKHE CBOICTBA AAHHOTO 3J/IEMEHTA.

ATOM COCTOMT W3 INOJIOXKHTEJNBHO 3apFKEHHOrO sapa M
OTPULATEIBHO  3aPAMKEHHBIX - JEKTPOHOB, ABIKYHIHXCHA B
MEKTPUUECKOM T10JIe  siipa. ODJeKTPHYECKHMHA 3apsi  aipa
(VI.2.1.1°) paBen aGCOMIIOTHOH BeMMYMHE CYMMApHOIO 3apsija
BCEX 3JIEKTPOHOB aTOMa, MO3TOMY ATOM ABJAETCH 3JIEKTPHU-
YeCKH HEeHTpPa/NbHbM (MOApPOGHee O CTPOCHHM aToMa CM.
VI. 2.1.1°—-5%,

3°. Mosexyaol waspiBaeTcs HauMeHbllas ycrofumBas ya-
CTHIA JAHHOTO BeulecTea, 00/ajaloulasds €ro OCHOBHBIMH XH-
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MHYECKHMU CBOHCTBaMH. MoJexkysa COCTOUT M3 OJHOrO HJH
HEeCKOJIbKHX aTOMOB OJAMHAKOBHIX WJIH pa3/HYHBIX XHMHYECKHX
3JIEMEHTOB.

ATOMBl COEAMHSIOTCS B MOJIEKYJY 32 CHYET XWMHUECKHX
cBsA3ell, OCHOBAHHBIX Ha pAa3JIMUHLIX B3aUMOJEHCTBUAX GHeul-
Hux (6asenmnbix) snexktpoHoB (VI.2.9.2°). Yncno aromos
B MOJIEKYJlaX HM3MEHSeTCs B UIMPOKHX MNpelenax — OT ABYX
(CO, 0,, NO, H,), tpex (CO,, SO,), uvernipex (NH;) 1o coten
H jaxe Toicau. Kak u aTtoMm, MOJEKyJa 3/7€KTPHUECKH HeHr-
pajibHa, T. €. COAEPXKHT paBHOE KOJHMYECTBO 3JEKTPHYECKH
3apsiKEeHHBIX YacTHL NPOTHBONOJIOXHOIO 3HaKa.

4°, Koauuecmgom eeujecmea Ha3blBaeTcsl (puanueckas Besu-
upHa, ofpejieNiieMas YHCJIOM CrneuubHYecKHX CTPYKTYPHHIX
3JIEMEHTOB — MOJIEKYJ, aromoB uau uoHoB (I11.3.1.1°),—
U3 KOTOPBIX COCTOUT BemecTBo (cM. Takke VII.4.3%). Tak kax
Macchl OTAENbHBIX CTPYKTYPHBEIX 3J€MEHTOB (HanpuMmep, Mo-
‘JIeKYJ1) OTJIMYAIOTCA APYT OT APYTra, TO OAHHAKOBLIE KOJIUYECTBa
‘pasHBIX BelECTB MMelOT paszHyro Maccy. Hanpumep, 10% mo-
JqexyJ poacpoza H 10% MoJeKys1 KHCIOPOJA CYUTAIOTCS ORKHA-
KOBLIMH KOJJMYECTBAMM BELLEeCTBa, XOTH OHU HMEIOT pasJinuHble
Macchl, ‘paBHble cooTBeTcTBeHHo 33,45-107% kr u 531,45
X 1073 xr. Macca He siBJigercsi Mepofi KOJIMYECTBA BEIECTBA.
Ejpunuuell Koanuectsa BewecTEa spiaserca moab (VII, taba.
VI1.2), a rakxe KpaTHble W AOJbHHE OT HETO €IMHUIHL.

5°. Uucao artoMoB (MOJIEKYJ WX APYTHX CTPYKTYPHHIX
€MHNUL), COAEPIKAILUXCA B OJHOM MoJje (KUJIOMOJIE) BELeCTBd,
Ha3bIBaeTCs nochioanHol Aesoeadpo N ,:

N, =6,022. 10 Monp™ 1= 6,022 102 kmoab~1.

6°. O6peM omHOro Moss (KHJIOMOJISI) HA3BLIBAETCH MOAAD-
Hon obvemon V.

Vy=up=p/p,

rae v=1/p ectb yoeaonuiti o6venm (11.3.1.6°), p — naomrocme
sewjecmsa (1.2.3.7°), p — macca OAHOTO MOJIA (KHJIOMOJSs)
(Moaspran macca).

[Tpu nvopmanbHbIX ycaoBusix (f=0°C, p=101 325 H/m?=
=1 atM=760 MM pT. CT.) MOJisipHbie OGBEMBI BCEX HIEaJbHLIX
rasos (11.2.1.1°) onunakoei: V,,=22,4 M3/kmosib=22,4 n/MOJb.
(Cm. Takxke 3akon Asoranpo (I1.3.3.6°).)

7°. Moanpras macca p=mN,, TA€ m — Macca OLHOTO
CTPYKTYPHOIO 3J€MeHTa (aToMa, MOJEKYJH, HOoHa) *).

*} O cBepeHuAx, NpUBEACHHLX B 1, 4°—7°, cM. Takxe V11.4.3°% 4°,
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Yucao n Moselt (KMoJieft) BewiectBa ¢ Maccoit M
n= M/n.

8°. Pasmepet amoma ONpelessioTcsl TeMA PAcCTOSHHUSIMH OT
LeHTpa sjpa, HA KOTOPHIX HAXOJAATCA BHELUHHE Ba/IEHTHLI®
SJEKTPOHbl HJIH BHeIHHE 3alOJHEHHbe 3JEKTPOHHbIE CJIOH
aroma (VI1.2.8.6°).

1.2. BpoyHoBcKoe JBHKEHHE

1°. Bpoyrosckum Geumceruem Ha3blBAIOT HenmpepbiBHOE Xao-
THUeCKOe ABHXKCHHME YACTHI, MOMEMIeHHBIX B XKUAKOCTb HJH
ra3 B Takue YCJIOBHsI, YTO CHJIA TAMECTH HE BJHACT Ha HMX
JBHIKEHHe (B3BelleHHBe 4acTH-
UBl).

2°. TIpuuynuHO# GPOYHOBCKO-
IO ABYKEHUS SIBJSIOTCS Pa3InY-
- Hble HMOYJbChl, C KOTOPBIMH
Y e MOJIEKYJIBl XKHAKOCTH (rasa) co
BCEX CTOpOH JeHCTBYIOT Ha
6poyHOBCcKHe 4acTHLbl. B cuay
X80THYHOCTH ABHKEHHUs] MoJe-
KyJ cpenpl 6pOYHOBCKAST YacTH-
1a B JIOOOH MOMEHT BpEMEHH
HCOLITHIBAET  HeypPaBHOBeLIeH-
¢ HOe BO3JeHCTBHE, KOTOpPOE Hell-
N i || pepniBHO u3MEHsETCH 1O Be-
Vg JUUMHE M HanpasjeHuio. B

1| pesysbTare 3TOr0 yacTHLA Ha-
XoAuTcs B Gecnops0qHOM ABU-
MEHHH W NepeMemaercst Io
Puc. I1.1.1 OTpe3KaM CJIOXKHOH JIOMaHOH

nunuu (puc. 11.1.1).

B pOyHOBCKOE JBHIKEHHE CIAYKHT NPAMBIM 3KCIIEPUMEHTa/b-
HBHIM JOKA3aTeNbCTBOM CYLIECTBOBAHMS MOJIEKYJ KHAKOCTH
(rasa) W XaOTHYECKOro xapakrepa HX TEMJIOBOIO JBHIKEHHs.

3°. XapakTepucTuko#t GPOYHOBCKOrO HABHXKEHHSA SABNAETCA
CPeAHsis BENMYHHA KBaApaTa CMEIICHMS YACTHIbl B POU3-

BOIbHOM HanpasJjieHuu x%. [3-38a XaOTHYHOCTH OPOYHOBCKOTO
ABMIKEHUsST CDCHE® CMemleHHe YacTHUB! x¥=0, n60 wactyua
C PaBHOHM BEPOATHOCTBIO MOXMET ABUTATbCHA B MPOTHBONOJOX-
HuIX Hanpasnenusnx. [lpn atoM x40,

4°; 3aKOHOMEPHOCTH GPOYHOBCKOIO ABHXKECHHAL
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a) OHO IIPOJOJIKAETCsi HEOrPAHMYEHHO JAOJITO Ge3 KaKhX-
Ju60 BUAMMBIX H3MeHEHU;

0) x* He 3aBMCHT OT BemleCTBA YacTHIl, 4 3aBHCHT TOJBKO OT
JUHEHHBIX DPasMepOB YacTHl, U HX TeOMETPHUECcKOil (OpMEH;

B) X? BO3pacTaeT C POCTOM TEMNEPATyPhl H YMEHLIIEHHEM
BSA3KOCTH IKMIKOCTH (rasa).

1.3. Anddyaun

1°. Jugdysuedi B npocteiiieM ciayuae HasuHBaeTcs NPOLECE
BHIDABHHBAHUA NJIOTHOCTEH (WAM KOHLEHTPaumii) JABYX Be-
IIECTB NPH MX CMEIeHWH Apyr ¢ ApyroM. Baaumuoe npoHHK-
MOBEHHE BELIECTB SABJSETCH DPe3YNbTAaTOM 6ecrnopsaiouyHoro
JBWIKCHHS HUX 4acTHIl ¥ U3MEHEHHS MJOTHOCTH BAOJAb KAKOro-
nmufo HanpasJeHnsi. B sToM HanpaBaeHHH M NPOWCXOAUT Aud-
¢ysna. Jubdysus HabmopaeTca B ra3ax, XHAKOCTSX H TBEp-
JBIX Tesax.

IMpumeps audpdysun:

a) Eciv B cOCYA ¢ PacTBOPOM MEAHOTO KYNOPOCa OCTOPOXK-
HO HaJuTh BOAY, TO Pe3Ko 06O3HayeHHasl TpaHHIla pasgesa
MEXJYy PacTBOPOM ¥ BOJIOH C TeueHHEeM BpeMeHH ncuesner. Bo-
Jla TOCTENEHHO CHHEeT, W yepe3 JJIUTENIbHOE BPeMst NOJydaeT-
cfl OJIHOPOAHAS TO UBETY JKHUAKOCTD.

6) CrpaToctepa sBJAfeTC ONHOPOAHON CMeChid KHCJIOpoAa,
asoTa, YIJIEKHCJOrO Tasa, napoB BOAB M HMHEPTHLIX TIasoB.
Ecan 61 ne Obwto  anddysud, TO BCJAEACTBHE Pa3/IMYHON
CHJIBL TsxKecTH MoJieKya atHx rasos (1.2.8.3°) Bce cocTaBubie
gacTu cTparocdepst OblIH Gbl paccaoeHsl.

B) [lpuTepThie ¥ nmpHuxaThle OJHA K APYTOH MJACTHHKY 30-
JIOTa ¥ CBUHLA 32 NATb JIET «CPAcTaloTCsA» 34 CYeT B3aHMHOTO
NPOHUKHOBEHUS] YaCTHLL Ha TAyOHHY NPHMEPHO B OAMH MHJ-
JUMETD.

2°, Mepoit quddysun sisasiercs Macca AM BemecTsa, mpo-
BUpOYHIHPOBABIIETO 3a €IMHUIYY BPEMEHH Yepe3 eIHHHILY
JIOIAAH TIOBEPXHOCTH CONPHUKOCHOBEHHs BelnecTs. BesanunHa
AM Tem Gosbuie, ueM GoJiblie H3MEHAETCS NJAOTHOCTh (WJIH
KOHIEHTpanysg) Ha eAMHHIE AJAMHE BAOJNb HanpaBl€HHs, B
KOTOPOM NPOUCXOAUT AH(pdy3us.

3°. udepysus yckopsieress C TOBHIIEHHEM TEMIEpPaTyphl.
Hanpumep, B ropsiueit Boje caxap M COJb pacTBOPSIOTCA
6LicTpee, ueM B XOJOAHOM, B OCHOBHOM 6naronaps AnuQbysHn.
Yo6rcrpenne audxpy3uM CBA3AHO € TEM, YTO NPH NOBHILEHHH
'{ﬁwnepaTDypbl BO3PacTaloT CKOPOCTH  JBHXKEHMA MOJIEKYJ

2.2.4°),



110 OTAEJM II. TJL 1. MOJEKYJSPHO-KHHETHUYECKASI TEOPUS
1.4. Cunpl B3aHMONEHCTBHA MEXKAY MOJEKYJaMH

1°. Mexay MoJsieKysnaMH J0GOI0 BEIECTBA OJHOBPEMEHHO
JEACTBYIOT CHJB B3aUMHOTO MNpUTSMKEHHS H OTTaJKHBaHUA
(mexmcmorexyaaproe s3aumodeticmsue). CyiiecTBOBaHHe yCTOH-
4UBLIX KUAKHX H TBEPJABIX TeJ CBF3AHO C CHJIAMH MEXMOJIEKY-
JAspHOro B3aumozeicTBuA. OmnbIT ¢ ABYMS KyCKaMu CBHHIA,
KOTOpbi€, OYAYYH MPHTEPTHl APYT K APYTY CBEXKHMH CPe3aMH,
BLIIEPIKUBAIOT 3HAUNTENbHOE paCTATHBAIOLICE YCHIHe, AOKa-
3LIBaeT CYIWIECTBOBAHUME CHA MpUTsKeHHA. OTHOCUTENbHO
MaJas CXUIMAEMOCTh XKHUJKOCTeHl H CIOCOGHOCTb TBEPABIX TeJ
conporuBaATbes gedopmauun cxkarusa (11.7.2.1°) monrsepxna-
10T HaJu4Ke CHJ OTTAJAKHBAHHA MEXAY MOJIEKYJAaMH.

2°, Siapa M 3AEKTPOHH! AaTOMOB, BXOASILIUX B MOJIEKYJIbI,
HCTILITBLIBAIOT AAeKmpu4ecKue Cuabl 63aumodelicmsus, XOTS MO-
JeKyJa B [eIOM 3JeKTPHUYecKH HefirpaibHa. Moaekyny no ee
3NEKTPUUECKUM CBOHECTBAM MOXKHO NPHOGIMKEHHO paccMarpH-
BaTh Kak asexmpuueckuti Ounoas (111.1.4.6°). Mexuy cocen-
HUMH 3JIeKTPUIECKUMH IHUNOJAMH NPOUCXOIUT 3JIEKTPHYECKOE
ssaumogeiictsue (111.1.4.7°). TlosToMy CHJIBI MEXMOJEKYISAP-
HOTO B3AUMOJEHCTBHS HMEIOT 3JIEKTPHYECKOe MPOUCXOMK/AEL-
nue *). Pasnenenve cua B3aUMOJEHCTBHST MEXAY MOJIeKyJa-
MM Ha «CHJIbl TIPUTSKEHUS» U «CUJIbI OTTAJIKHBAHUSA» YC/IOBHO.
TIpuHATO cUNTATh CHJIBI MPUTHHKEHHA OTPUNATE/BHBIMU, a CUJIHE
OTTA/IKUBAHHA MOJOKHTEIbHBIMY.

3°. Ha paccTosiHHAX r Meway UEHTPAMH MOJIEKYN Mopsif-
Ka 107° M meficTBYIOT cusbe npumsagcenu, KOTOPHE yBeSHUYH-
BalOTCA [0 Mepe cOJMKEHUA MojiekyA. MexMonexkyJisipHpe
CHJIBL NIPUTSIKEHUA [oo(r) ABASIOTCA Kopomxodedcmsyouumu —
OHY OBICTPO YOBIBAIOT C yBeJHYEHHEM PACCTOSHHUSN F MEHAY MO-
JIeKyJIaMu:

fﬂp (r)==—-—a/r".

KoapdunyeHT a 3aBHCHT OT CTPOCHHA B3aMMOACHCTBYIOLIHX
MOJICKYJ U BHAA CHJI NIPUTSIKEHUS.

4°. Ha paccTOsiHHMAX r MEXAy HEHTPaMU MOJIEKYJ, CPaBHuU-
MbIX C JIMHEHAHBIMH Da3MepaMHM MaJblX HeOpraHHUYeCKHX MoJe-
Ky (1071 M), nposBASIOT CeGs CUAbl OMMAAKUBAHUS, TJIAB-
HbIM 06pa3oM 3a CYET B3aHMHOIO OTTAJKHBAHHA IOJIOXKHTE/h-
HO 3apsKEHHBIX fJep aTOMOB B MosieKyJe. CHJ/b OTTANIKHBAHHA
for (r) yOnBatiorT c yBenuuyeHueM r ewe ObiCTpee, 4eM CHJIbI

*) CymecTByIOT ewe CHIB KBaHTOBOR HPHPOAL], KOTOPHE HE pac-
CMarpHBAIOTCA B SJACMEHTAPHOM Kypce (QUIHKH.
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NPHTSAKEHHA:
for (r) =DIr*®.

KosdduuuenT b 3aBHCHT OT TeX XKe MPHUNH, YTO H KO3 PHIIHEHT
a (n. 3°.

5°. OZHOBpPEMEHHOE CYIECTBOBAHHE CHJ NPHTSXKEHHS H
OTTaJKHBaHHs O3HAYaeT, YTO Ha MOJeKYyJay HeHCTByeT paBHO-
JEACTBYIOIAs CHJIA MEXMOJIEKYNspHOro Baaumoaeictust f(r)
(puc. 11.1.2):

F(r)=—ajrt+ b/r*s.

Ilpu r==r, npursxeHne (OTTaJKKBAHHE) MOJEKYJ NpEBHILAET
UX oTTaJKuBanue (npursxkenue). [Ipu r=r, CHJIbl NPUTAKEHHS
YPABHOBEWIMBAIOT CWJBl OTTalKMBA-
)

gusa ¥ f(r)=0. Sromy cooTBeTCTByET
HanboJiee yCTOHUYMBOE pacnoJoxe-
HHE B3aUMOAEHCTBYIOIHX MOJIEKYJ.
Ilon f(r) amech, cTporo ropops, no-
HuMaercs [.(r) — ApOeKuMs CHJB
f(r) Ha nanparJsienye BeKTOpa r, onpe- s
LeJSAIOIErO PAaCcCTOSIHHE MEXLY UEHT- :,,J\/—
pamu Mosekys. B nn. 3°—5°f,.(r),
for(r) m [(r) — npoekunmu cua na
IpsiMYI0, COEIHHAIOLLYIO HEHTPH MO-
JIeKyJI.

6°. Kpusas f(r) nosBosisier KayecTBEHHO OGBSCHHTb MOJIe-
KYJISIPHBIH MEXaHU3M INOSIBNEHUS] CHUN YNPYTOCTH B TBEPABIX
Tenax. Ilpu peficTBHM Ha TBepRoe TEJO PacTATUBAIOLIEH BHELI-
Hefl cuJIbl YacTHnbl YAAAAIOTCH APYT OT ApPYyra Ha pacCTOSTHHA,
ApeBbIaole . [JleHcTBYe CHMl NPATAXKEHNS MEKAY YacTrua-
MH NPenATCTBYeT PacTAKEHHIO TBEPAOrO Tesla H.CIoCOBCTBY-
€T BO3BpALIEHHIO YACTHI B NMePBOHAYalbHbIE moJoxeHHsA. IIpu
CHUJIBHOM CXKATHH TBEPAOTO Tesla YacTHI! cOMKaloTes Ha pac-
CTOSIHHS, MEHBUIUE 7y, CHJBI OTTAJKHBAHUA MEXKAY YacTHIAMH
NPensiTCTBYIOT JajbHEHIeMy CaTHio M TakxkKe CHoco6CTBYIOT
BO3BPALIEHHI0 YACTHIL B MEePBOHAYAJbHBIC MOJOMKEHHMS.

=1

Puc. 11.1.2

1.5. MoTeHuHanbHas SHEPris B3aMMONEHCTRHSA
IBYX MOJIEKYJ

JlBe MoOJIeKyJBl, CcBOOOJHEIE OT JIOOLIX BO3AEHCTBHI,
Kpome cudnl f(r) MeXRMONEKYASAPHOTO B3auMoaecTBUS, HOMK-
Hbl CO/MIKATBCS WM YAQIATHCS APYT OT APyra B 3aBUCHMOCTH
OT TOro, Kakas cuja npeo6iaajaeT — cuia NPUTSKEHUS HIH
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cuaa OTTaJKUBaHHs. JIMIIL [P PACCTOSHUH r==r, MEXAY MO-
JieKyJIamu, Ha KOTopoM f(re)=0, MOJeKyJb HaXOAarcs B
PaBHOBECHH.

ITomenyuarsrod snepeued I1(r) B3auMOAEHCTBUST ABYX MO~
JIGKYJ1 Ha3hIBAETCH 4YacTb SHEPIMH CHCTEMBbl JIBYX MOJEKYJ,
3aBUCALLAA OT PACCTOAHHUS r MEXAY UX LeHTpaMH. BeawunHa
I (r) mavepsercst Toil pabOTOH, KOTOpPasi COBEPLIAETCA CHJIOH
f(r) npu u3MeHEHHH PaCCTOSHMA MEXJ]Y MOJIEKyJaMH OT 7 10
GeckoHeyHocTH, rae I7(r) cuuraercsi paBHo#t Hymo. (I1(r)=0
npu r—00.) Takoi BHIGOP HYJNEBOrO 3HAYCHHA NMOTECHUHA/bHOM
sueprud (1.5.3.5°) ofycnioBlieH TeM, 4TO ABE MOJEKYJbI, Ha-
XOAALIMECS] HA OYeHb GOJBILOM PacCTOSHHM r APYT OT APYra,
He B3aHMOJEHCTBYIOT.

2°, Ecaiy iBe MOJIEKYJIbl COMHKAIOTCH HA MaJsloe PacCTOsiHUE
Ar (Ar<<0) nop pnefictBHeM cua npursikeHHs (fr,(r)<<0), To
cucteMa JIBYX MOJIEKYJ COBEpIUAeT MOJIOXKHTENbHYIO pabory
AA=f (r)-Ar>0 (1.5.1.1°). VI3 3aKkoHa coXpaHeHHs 3Hepruu
(1.5.4.1°) cneayer, uro npu 3TOM yBeJdUUYHBAaeTCsH
KMHETHYeCKasi SHEPTHsi MOJEeKYJ, a HX MOTCHIUaJbHAsi SHep-
rus yMeHbmaeTcs. Ho npu GeckoHeyHOM YHaJieHHH
MOJIEKYNT (r—-00) OHU He B3aumopeHcIByWOT, II(00)—0 (1. 1°).
[Tosromy npu cOMMKEHUH JBYX MOJIEKYJ B ofjacTd AefcTBUA
CHJI MPUTSIKEHUS [OTeHUMAJbHAs SHEPrHsi UX B3aHMOJEHCT-
BHS SABJISIETCH BEIHYHHOH OTPULATENBHOH,

3°. Ecan fABe MOMEKYJAB COJMMKAIOTCH Ha PaccTosHue
Ar(Ar<<0) B obnactH, TAe J[EHCTBYIOT CHJBI OTTANKHBAaHUSA
(for(r)>0)*), TO cucremMa coBepmIaeT OTPHLATENbHYIO PaGoTy
N0 TNPEOJONEHHI0 CHJ OTTANKHBAHHA. 3TOT MPOLECC CBfA3AH C
YMeHbIUEeHeM KHHeTHYCCKOH 3HEPTUH MOJIEKYJ U yBelInyeHneM
NOTEHIHANbHON SHEPTHH HX B3auMojefictBus. W3 BpiGopa Ha-
yajia OTCUeTa IOTEHUUAaJbHOH SHEPTHHU ClEAYeT, YTO B 06J1acTH,
rie AEHCTBYIOT CWJIbl OTTajkuBauusi, [I(r) po/ukHa ObiTh Be-
JHYHHOH MNOJMOXKHTENbHOH. HauGosbiuee cOMUMKEHNE MOMEKYJ
JAOCTHTAETCS NIPU PACCTOSIHUE r=d, NPH KOTOPOM BCs KHUHETH-
yeckast 3HEPrHst MOJIEKYJI OJIHOCThIO H3PACcXOi0BaHA HA COBEP-
eHue paboThl MPOTHB CHJI OTTaNKMBaHus. [Ipu 3TOM noTeH-
unafbHas sHeprusi [1(r) paBHa nosHOM 3HEPrud E CHCTEMBI
JABYX MOJIEKYJ M uMeeT HaumGoabiuee 3nauesue [, . (d)=E.
Benuunna E onpesensier paccrosuue d, KOTOPOE DPaBHO
afcuycce TOYKH niepecedeHust Kpusolt I7(r) ¢ ropusoHTanbHoh
upamodt I1(d)y=E (pug, 11.1.3). HecummerpuurocTs KpuBOH
I1(r) B6u3u mMunumyma J1, o6BSICHSIETCSI COBMECTHBIM AEHCT-

—

*) Takoe COJIMMKEHHE HEBOSMOKHO 6€3 BHELIHErO BO3JEHCTBUA,
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BHEM CHJI TPHUTSIKEHUS W OTTANIKHBAHHS MEXIY MOJEKYJaMmH,
KOTODBIC NO-Pa3HOMY 3aBHCAT OT paccrosinus r. Paccrosinue d
TEeM MeHblle, YeM OOJbllle KHHeTHYeCKas SHEPTHs MOJIEKYJI
(T. €. ueM BBiLIE TEMIEpaTypa), ¥ 3aBUCUT OT CTPOEHUS MOJie-
KyJl. DricTphlfl pocT HOTEHUMAJbHOH :
SHepPruM B obnacTH  paccrosiHui, /7
6nuskux x d (puc. 11.1.3), ykaswiBa-
eT, 9TO CHJILL OTTaNKMBAHHS MEXIY \
MOJIEKYJJaMU O4Y€Hb GBICTPO YBEJHYH- .
BAIOTCSl NPH YMEHbILEHHH PacCTosi- d;\
Husi Mexny Humu. PaccrosuHue d
npescTasaser coboil fuamerp (aggex-
musHbili Juamemp) MOJIEKYJIbl, ompe-
JeJISIOWHKA J1 M He dl Hble pasMephl
Tod 06sacTH, B KOTOPYK Apyrad Puc. IL.1.3
MOJIEKY/la [POHHKHYTb He MOXeET.
Takum 06pa3oM, cUJIbl OTTAJIKHBAHUA MEXIY MOJIEKYJIaMH Ofl-
PENENISIIOT PA3MEPBl MOJIEKYJIbL.

4°, Tlpu r=r, CUCTeMa JIBYX MOJEKYN HAXOAUTCA B COCTOS-
HHMH YCTOHYHBOIO PaBHOBECHS. DTOMY COOTBETCTBYET HAHMEHb-
liee 3HayeHHEe MOTEHUMAJbHOH SHEPIHH — B ITOU TOUKE KPH-

Basi I1(r) umeer munumym 1, (puc. 11.1.3). Ecu e*) ectb
cpelHsIl KuHeTHyeckasi sHeprus monekyas (11.2.4.3%), to
cpaBHeHHe & ¢ [I, no3BOJISET PA3/JMYUTh TPH arperaTHblx coc-
TOSIHHSl BelecTBa: ra3oo0pa3Hoe, TBEpHOe H KHIKOE:

e3> I1,—ra3, & < Il,—TBepaoe Teno, &~ I1,— JKUIKOCTD. ()

1.6. Crpoenue ra3cobpa3HblX, TBEPAbIX U MUAKHX TeJl

1°. Tenaosoim deunceruem Ha3hIBAETCA XaOTHYECKOE JBUNKE-
HHE€ MOJIEKYJI, aTOMOB M HOHOB B rasax, TBEpPABIX Tejnax H
KuAKOCTAX., CKOPOCTH TEIIOBOTO ABHXKEHHSI YaCTHL BeHlecTBa
BO3pacTaioT ¢ noBsiuueHneM Temnepatypel (11.2.4.4°). Xapakrep
TEeMJIOBOrO  JBYXKCHHS MOJIEKYJ, aTOMOB M HOHOB 3aBHCHT OT
arperaTHOro COCTOSIHMSI BeIeCTBA M ONPEAE/ISIeTCS CHJIaMH
MEXMOJIEKYJIAPHOr0 B3AHMOACHCTBUA.

2°. B 2q3ax CHABl OPUTAKEHUS MEXKAY MOJEKYJIaMU He MO-
I'yT yjepxaTbh X APyl BO3Jje APYyra, U MOJIEKYJHl PasJjieraior-
csl BO Bce CTOPOHBI, 3aHUMasi BeCb O06BLEM COCyha, B KOTOPOM
Haxojurcs ras. I'a3si He HMeIOT onpeaeseHHoro o6bemMa H Gopmb
U JIETKO CXKUMAIOTCA MOZ JAeficTBHEM BHEHIHETO JaBjCHuUS.

*) B MOJEKyJAPHO-KHHETHUCCKOH TEOPHHM valie MNPHHATO 060-
3HauaTb KHHETHYECKYIO 3HEpIrHio He K, a Apyrumu OyKBamy,
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3°. Teepdoimy Ha3LIBAIOTCS 1Mead, KOTOPHle OTJIHYAIOTCS
HOCTOSIHCTBOM (OpMBI U ob6bema., IT0 OGBACHSETCH TEM, uTO
CUJIBI B3aHMHOIO NPUTSI?KEHHS YacTHl| TBEPJOro Tesla BechMa
E€JUKM [0 CPaBHEHMIO ¢ 5THMH CWIaMH B Trasax. YHactuna
TBEpPAOTO TeNla He MOMET YAAJMThCH OT CBOMX cOcejieil Ha 3Ha-
unTeNIbHOE paccrosiiye. TensoBoe JBHKEHHE YACTHIL B TBEPABIX
TeNlaX nNpeAcTaBiaseT coCof XaoTHUecKHe KoJefaHus YacTHIl
OTHOCHTEJIBHO HX TIOJIOKEHHH paBHOBECHSI — Y3JO0B KpPHCTaM-
mueckoit pemetkd (. 5°). KoseGanus yacTyl, TBEPROro Tena
ne ABasiorcss crporo rapmonnueckumu (I1V.1.1.4°). dro cps-
3aHO ¢ TOH K€ NPHYHHOH, YTO M HECHMMETPHYHOCTb KPHBOH
11(r) (puc. 11.1.3) B6su3H MHHUMYMa,— C Pa3JHYHON 3aBHCH-
MOCTBIO OT 7 CHJI NPHTSAMKEHHS H OTTaJKHBaHHS.

4°. Teepaple Tena, UMelOUIME YNOPAACUEHHOE, HEPHOAHYE-
CXH DOBTOPSIOLLEECS B NPOCTPAHCTBE DACIOJIONKEHHE  CBOHX
uaCTHL, HasbIBAWOTCHA Kpucmassamu. KpPACTaNbl OrpaHHYeHbl
IJIOCKHMH TPaHsMH, KOTOpble YHOPALOUEHHO PACIONOKEHBE

LA =

-~ A 7;@'
o 2z

Puc. 11.1.4

APYT OTHOCHTENbHO apyra. I'panm cxoastcest B pebpax M Bep-
wnHax. Ha puc. 11.1.4 nmpeacrap/ieHs! pelieTKH KpHCTas/ioB
noBapenHo#l conu (a) u rpagura (6).

OznuHOYHbBIE KPHCTAJL], HMetolHe GOPMY NPaBUILHBIX MHO-
TOTPaHHUKOB, HAasHIBAOTCA MOHOKpucmarramu. BonpinucTBO
TBEPABIX TEl HMEET MENKOKPHCTAIMYECKYIO CTPYKTYpY (no-
aukpucmaaner). Taxue Tena cocTOAT W3 GOABIIOTO YHC/AA
CPOCIUNXCST ME&JKMX, XAOTHYECKH PAaCIOJOKEHHBIX KpHCTal-
JIOB (KPHCTAJ/IHYECKHX 3epeH, KpHCTanuToB). IIpumepw no-
JHKPHCTAJVIHYECKHX TBEPABIX TeJI: METaJIbl, KaMHH, NecoK
u xp. Tunu xpucranmos — cM, 11.7.1.2°,

5°, YacTuubl, H3 KOTOPHIX COCTOMT KPHCTaMI, 06pasyior B
NPOCTPAHCTBE NPABWIIbHYIO KpUcmasrudeckyo pewemsy (npo-
cmpancmeennas pewemia), OCHOBY KPHCTA/NIHYECKOH PElIEeTKH
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COCTABJSIET dMeMEHmMApHaA Avelika ONpeieneHHOH reoMeTpH-
4ecKOH (DOPMBI, B BEPIUHHAX KOTOPOH — y34ax KPUCAAALUYC-
Ko pewiemKky — PACHONOKEHB YacTHIBI (aTOMBI, MOJIEKY.JIBl
HJIY MOHBL). DnieMeHTapHas sdeiika, NOBTOPEHHAs Ha PaccTost-
HUAX, KPaTHHIX AJIMHAM ee pedep, o0pasyer Becb KDHCTaN.
HnuHa peGpa ajiemeHTApHOH sIMEfKH HA3LIBAETCS Nepucion
Kpucmanaudeckold pewiemu *).

6°. B KpucTanIMUeCKuX TBEPABIX TefAax umeercss OaasHuil
nopadox B PAclOJOMKEHHHM 4YaCTHL, H3 KOTOPHIX NOCTpOeHa
syeiffka KpHUcTa/Ia: YrnopsagoYyeHHOE - PACHOJNOMKEHHE YacTHIl
NOBTOPASTCA B [peAesaX COTEH, THICAY H JECHTKOB ThHICSY siue-
ex. B 3TOM cMbiciie BEChb KPUCTAJIT MOXKHO pPaccMaTpuBaTh Kak
OJ(HY, OJHOTHMHO YCTPOCHHYIO THFAHTCKYIO YacTUIY.

7°. Julkocmamu Ha3HBAIOTCS TeNa, KOTOPHiE HMEIOT onpe-
JefeHtnlfl 00beM, HO He uUMeT cBoel (opMbl, npuHUMan Gop-
My cocyza, B KOTOPOM Haxoasrcs. Eciu rassi XapakTepusy-
I0TCS MOJTHOH 6ecrnopaj0uYHOCTbIO B PACHONIOKEHUH MOJIEKY, a
TBEP/bIE TeJa —— HaJH4YHeM JA/bHEro MOPsiKa, TO XKHUAKOCTH
MO CBOEMY CTPOGHHIO H XapaKTepy TemIOBOTO ABHIKEHUA 3a-
HUMAIOT TPOMEKYTOYHO® MOJ0KeHHe. ITO CBA3AHO C TEM, UTO
yenoue () (11.1.5.4°) mna xupkocrelt nauGosiee CIOKHOE:
noTeHLHANbHAA 3HEPrUst B3aUMOAEHCTBUA YACTHI[ MKHUAKOCTH
COU3MEPHMA C KHHeTHYecKoH sueprueft Mosexyn. CuibHoe
MEXMOJIEKYJISIPHOE B3aHMOACHCTBHE MOJEKYJ NPUBOIMT K TO-
My, YTO YACTHLB! B XKWAKOCTAX PACTOJNOKEHH BechMa OIU3KO
APYT K apyry. OAHAKO 3TO PacnoJioxeHHe He SBJALTCHA cTPOro
YOOPAAOUEHHBM N0 BceMy 00BeMY, KaK B TBEPABIX Tenlax.
B xuiaxoctax Habmogaercss GauscHull nopaook — ynopsao-
YEHHO® OTHOCUTeJILHOE pacmosioykeHue (MM B3aUMHasi OpHUeH-
Tal¥s) COCEAHAX YACTULL XKHAKOCTH.

8°. MoJieky /bl JKUAKOCTH COBRPIIAIOT XaoTHYeCKHe KoJeba-
HHA OKOJO ONPEACNIEHHBIX NOJMKeHHH PaBHOBECHA. DTH KoJe-
Ganus NPOUCKXOASAT BHYTPH «CBOSOAHOrO 0OBEMa», MpejocTas-
JACHHOrO MoJieKyJie ee cocefsamu. [lo ucTeuenuu HexoTOpPOro
cpefHero BPeMEHH T, «CpedHec0 gpemenu ocedaott scusnu» (cped-
Hee 8peMa PeAKCayuLy), TOJOKEHUS PABHOBECHS MOJICKYJ nepe-
MEIAIOTCA HA PacCTOfHUA O, no MOPAIKY BeJIMYHHBI pPaBHbie
CpeiHemMy PACCTOSTHUIO MOKY coceRHUMH Mostekynamu (10710 m).
DTH nepeMelleHds COBEpHIAIOTCS B BHJAE CKAUKOB K CBSI3AHEL
C 3aTpatofi HEPTUH HA NPeojoeHHe CBA3EH MOJEKyJH ¢ ce

*) MMepuopst MoryT OBITb PA3NAHUHBIMH [O PAa3HBIM HANPaBJIEHHAM
B KpHucTamie.
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cocejisiMu. Bpemsi T GLICTPO yOBIBaeT ¢ NOBLIIECHMEM TeMIlepa-
TYPHL

9°. JKupkoctn He 00JajaloT aHH3OTPONMEH, XapakTepHOH
AJs TBepABX Kpuctananudecknx tea (11.7.1.1°),— dusnueckue
CEOHCTBA XKHMAKOCTeH OAMHAKOBL BO BCEX HANpPAaBJEHHAX BHYT-
Py KUAKOCTH {(u3omponus scudkocmet).

10°. Baxuefimiell ocoOeHHOCTbIO KUAKOCTEH ABJsETCH MX
MmeKyuecmb — MUJKOCTH He CONPOTHBJSAIOTCS H3MEHEHUIO HX
¢dopmel (1. 7°). ONHOBPEMEHHO C 3TUM OHH OTJIMYANOTCST MaJsioH
cixumaemoctbio (11.1.4.1°).

Fraea 2

MOJEKYNSAPHO-KMHETHYECKASI TEOPHA
UJEAJILHBLIX TA30B

2.1. HpeaabHbiit ras

1°. B MOMeXy/nsipHO-KHHETHYECKOH TEOPHH paccMarpuBaer-
csl ¥JeaNu3upPOBaHHAs MOJEJNb PEANBHBIX Ta30B — Hiealb-
HbIl ras.

Hoeanvrvim ea3om Ha3bIBAETCS Ia3, MEXAY MOJEKYJI4MH KO-
TOPOro OTCYTCTBYIOT CUJBl B3auMmHoro nputsikesus (11.1.4.3°)
[TpuHUMaeTcs, YTO NPU COYLAPEHHAX MeXAY CcOO0H H cO CTeH-
KaMy COCyJa MOJIEKYJIbl TAKOTO rada BeRyT cebst Kak abGCodoT-
HO yDpyrue mapyuKH KOHEYHEIX, HO BeCbMa MaJBX pPasmMepoB
(MOOeab ynpyeux wapuxos). DTH COyLAPEHUS NPOUCXOAST MO
3aKOHaM, CNpaBe/yIuBLIM A/ abCoMIOTHO YOPYIoro ypapa
(1.5.4.1°). CyniecTBOBaHNE KOHEYHBIX, XOTSl M MaJbIX pPa3MepoB
MOJIEKYJ/I CBSI3aHO C JEACTBHEM CMJ OTTAJKHMBaHHSI MEKAY yac-
auamu (I11.1.5.3°). Peskoe BospacTanue CHJI OTTalKHBaHusA
NpH COIMKEHNH MOJIEKYJ Ha MaJlble PacCTOSIHHS He TI03BOJISET
YACTHIAM NPOHUKHYTh JPYT B APYra ¥ onpenenseT KOHEUHbLe
pasMepsl MOJIEKYJI.

B anemenTapHOM Kypce (D)M3MKH PaccMaTpHBAIOTCsH uleqis-
Hbie Ta3bl, MOJIEKYJIB KOTOPHIX COCTOSAT M3 OIHOrO aToMa.

2°, CyulecTByiOlIHE B JEHCTBUTEIBHOCTH Ta3kl IPH HE CJIMIL-
KOM HUBKMX TeMIeparypax M JOCTaTOYHO MAJIBIX JaBJEHUAX —
paspesicenHpie 2a3bt — NO CBOMM CBOHCTBaM OJIM3KH K Ujealb-
HoMy rasy. Hanpwumep, reluii npuH KOMHATHOH TeMmmnepaType
U atMocdepHOM HaBJIEHMH C XOPOLIMM NPHO/KIKEHMEM NOAYH-
HAETeA $AKOHAM MACAVIbHBIX IasoB.
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2.2. CKOpOCTH MOJIEKYJl ra3oB

1°. X40THUHOCTD TEIVIOBOTO JBUMKEHHS MOJEKYJ rasa 03-
HauaeT, YTO HU OJIHO W3 HAMpPABJEHHUH BO3MOKHOTO UX IBUXKe-
HUS HE SBJSETCA MNPEUMYIIECTBEHHBIM — BCE HAarpasJleHus
JIBHXKEHHSI PABHOMPABHBI W BCTPEYAIOTCA OAMHAKOBO 4acTo.
Ws obwero, pocratouHo Goapmoro, uucaa N MOJNeKyda rasa,
COiepKaluxcsi B KyGHYeckoM cocyne, BAOMb KaJA0H U3 ocelt
Ox, Oy u Oz, coBnajaoiux ¢ Tpemsa peépamu ky6a (puc. 11.2.1),
Gyner B cpemseM pauratecst N/3 Moaexyna. Uwumeno mone-
KyJ, JBHXYIIMXCA MO KaXXAOMY U3 STHX HanpaBJeHuil B Onny
CTOPOHY, coctaBiisier N/6 u paBHO YUCTY MOJIEKYJ, ABHXKYIHX-
Cfl B IPOTUBOIONOKHYIO CTOPOHY.

z
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Puc. I1.2.1 Puc. 11.2.2

2°. CoynapeHus Mexay MOJEKYJaMH rasa NPHUBOAAT K TO-
My, 4TO GKOPOCTH €ro MOJIEKYJ HenpepbiBHO H3MEHSIOTCS 110
BeJIMUMHE ¥ HaNPaBJeHHIO,

[Tycrb, Hanpumep, MoJjekyAa A HMeeT CKOPOCTb V, -Ha-
npasaennyio no ocu Ox. [1ycTe B pe3y/ibTate CTOJKHOBEHHS C
Apyroft MoJiekyJo#l oHa mosy4una takod ummyabc (1.2.3.5°)
no ocu Oz, uro eft mepejaHa cCKOpocTh, paBHast v. Torja cko-
POCTb MOJIEKYJB A H3MEHHTCS] H CTAHET N0 MOAYJIO PaBHOM

V2 (puc. 11.2.2).

3°. JlBuxKeHuHe Kaxk A0 MOJIEKY/Ibl Ta3a MOXKET GBITb ONMUCAHO
3akoHamu MexaHuku Hbtorona. Ho ymcio mosexkya B /moGoMm
rasze 4YpesBbLIMAMHO BE/MKO, a CHUJIH, ACHCTBYIOUIHE MEXAY MO+
JIeKyJaMH, TaKOBbI, YTQ ONHCAHUE CBOUCTB I'POMAajHOH COBO-
KyNHOCTH BCeX MOJIeKyJ 3aKOHaMH MeXaHMKH OKa3bIBAeTCs
HEBO3MOXKHBIM. B TakHX ciayuyasx JAJisi UCCACAOBAHMS MpuMe-
Hsaercst cmamucmuseckutd memod. C nOMOIBIO 0co00TO Mare-
MaTHYeCKOro annapara — TEOPHH BEPOATHOCTEH — 3TUM Me-
TOAOM BLIYMCASIIOTCSl CPEfHHE 3HaYeHUs (PUIUUECKUX BeJTHYHH,
XapaKTePU3YIOHLHe - [BIKEHHe BCEX MOJEKYJN (CPEeiHHe CKO-
POCTH MOJIEKYJI, CPEAHEE 3HAUCHHE DHEPTUH MOJISKYVIR H T. 1.).
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CTaTHCTHYECKUM METOJOM H3y4aloTcs He TONbKO rash, HO #
KHIKOCTH, H TBEpAble Teja.

4°, Jlns COBOKYNHOCTH BCEX MOJIEKYJN YROGHO BBECTH He-
KOTOpLIE CpeJiHHe CKOPOCTH, XapaKTepHsylolmive ras npu jnaH-
HOH Temnepatype T

a) Cpednas apugmemuteckasn cKOPOCMb TBUKEHUA MOJIECKYJ]

U 1O MOAYMIO paBHa

U=

vitve4 ... oy
N ?

rie N — ofiee ynucio MoJeKya rasa.
Benuuuna cpeaneit apu@MeTHYeCKOH CKOPOCTH JABUKEHHS

MOJIEKYJI
o= Ex 1,601/ 2T,
5 W

rAe R — yHuBepcaibHasg MoJfpHas rasoBasg NOCTOSTHHaf
(11.3.3.7°), p — monspuas macca (11.1.1.7°).
6) Cpednsa kgadpamuunas CKOPOCMe U NBUMKEHHS MOJEKYJ:

J— 2, .2 ) TR BF
u=Vo = Y ddt .t u:l/‘%’zmayﬂi}.

3xnech v — cpednutl Keadpam CKOPOCMU ABHMKEHHS MOJEKYJ.
Ero He cienyer cmemmBaTh € KBaAPaToOM CpeiHeH CKOPOCTH
v~ (v)2.
~ 3apaua. OnpenesuTh CPEHIOI apHPMETHYECKYIO H CPENHION
KBaLPaTHIHYIO CKOPOCTH yacTul, Bozayxa npu 17 °C. Cpenmoio
MOJISIDHYIO MaccCy BO3ZyXa cuMTaTb paBHOH 29-10~% Kr/mob.
Hano: T=273-17=290 K, p=29:10"3 kr/moab.

Haiimu: v, u.
Pewenue: Cpepnsis apudMeTngeckas CKOPOCTb MOJIEKYJ
- 8RT
rasa v= |} —r. Cpennss  KBajpaTHuHas  CKOPOCTb
3RT
u=y =~ e R — yHuBepcajbHasi (MoJsipHas) rasoBasi
nocrosiHyas, papnas 8,31 Ix/moab-K.

"8:8,31.290_
5713.09.T0-3 M/c = 463 m/c,

3.8,31.290
= “30.10-7 M/Cc = 500 Mm/e.

b=
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2.3*. Cpenuns aauHa ceoGogHoro npobera MONEKyJIbi

1°. Cpedrell 0aunoli ceo60dnoe0 npobeea | HasHIBAGTCSA CPEf-
Hee pacCTOosiHME, KOTOPOe MOJEKyJa NpOXoauT 0Oe3 coynape-
HUsl, MHBIMH CJIOBAMH -— MEXKIY JABYMS [M0C/€L0BaTebHBIMH
coypapennsamu. Ha gjune cBoBoxHOro npobera MoieKyna ipu-
JKeTCs PABHOMEPHO U I1PSIMOJIMHEHHO.

2°, Cpenusisi jyuHa cBoGojHOTO npobera MOJIEKYJB NPSMO
APONOPLHOHAMbHA CcpefHell apudMeTHUeCKOH CKOPOCTH MoJjie-

KYJIbl U ¥ OGPATHO MPONOPUUOHANILHA CPETHEMY HUCAY CHIOAKHO-
BERULL MOACKYALE 2 30 COURUYY BpeMeHU:

=L,
4

3°. Cpednum gpemenem T ce0600H020 npoGeca MOLCKYAbE
HA3BIBAETCS BpeMsi, B TEUCHHE KOTOPOTO MOJIEKYJa ABHIKCTCH
6e3 CTOJNKHOBEHUI, T. €. 3TO — cpejHee BpeMs MEXJy AByMs

NOC/E0BATE/IbHBIMU COYAAPEHHSIMHUL
;:

|~

4°. Cpepusia niuHa cBoGOLHOTO nipobera:
= 1/V 2and,

TAE N — 4HCAO MOJEKYJ] B epuuunie oGbema, d — adperTus-
veiil guamerp mosekyast (11.1.5.3%).

5°, Jlna jpaHHOro rasa npu HeusmeHHoll Temieparype (T=
=const) cpenssna gauna ceoboanoro npobera o6paTHoO mponop-
UHMOHANbHA JABJEHHIO rasa p (UJAH ero MJIOTHOCTH):

pil—l = pzz;'

HMupexcsl | ¥ 2 OTHOCATCS! COOTBETCTBEHHO K ABYM COCTOAHUAM
rasa.

3apaua 1. Ha ckoAbKO u3MeHUTCA CpPelHAsR AJAHHA CBOGOJ-
HOro npofera MoJIeKyJ/ib B COCy/e PU HEU3MEHHOH TeMmepary-
pe, eciu faBjieHde ymeHbiiktces Ha 10%?

Hano: T=const, Ap=p,—p;= —0,1p,.

Hatimu: Al

Petieritie: COrnacHO COOTHOLIGHHIO MEXKAY JABJICHHEM Tasa
H cpefuedl 1aHHON cBOGONHOrO npobera ero MOJIEKy 1 l,pl—lzpz,

—_ — = —_— l —_—
HITH 12: p;:l . OTCIOAA Al l ll p—lél—oll—pl-—l .
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— j( 1 1) ~0,1;, ==0,], WIM B INPOiEHTax

—=+100=10%.

1

3apaua 2. Cpennsis JuHZ cBOGOAHOTO NpPoGETa MOJEKYJ
xuenopona npu 27 °C pasna 4,17 -1072 cm. Onpenennts cpen-
Hee Bpemsl CBOGOAHOrO npoﬁera MOJIEKYJI TIPH 3THX YCJAOBHSX.

Hano: 1==4,17-10"% m, T=273+427=300 K, p=32x
% 107* gr/moab.

Hatimu: ~.

Peweriue: Cpepniee BpeMsi cBOGOAHOTO mpofera MOJEKYJIB
T=I/v, Tae U — cpeanas apudMeTHuecKas CKOpocTb. CJIeno-

BareJibHo, . o
- ] TV nu
T = —_— —,
1/8RT V 8RT
ap
— . -5 3. 14. R -3
T 41710 Y 3,14-32.10 c=9.3.10-%¢.

V 8-8,31-300

2.4. QcHoBHOe ypaBHeHHE KMHETHYeCKo#l TeopHH rasos

1°. OcHosHoe ypasHenue KUHemMu4eCKol meopui 2a3oe ycra-
HABJIMBAeT 3aBUCHMOCTb MEXAY AaBJEHHEM rasa p, ero 0GreMoM
V ¥ KHHeTHYecKoN 3Heprued MmOCTYNaTeJbHOTO JBHIKEHHS €ro
MOJIERY N &'

2
[)V =7 Sw
N o
3necr &, -—Z ————cyMMapHaﬂ KHHETHYECKAs: 3HEPTHf MO-

i=1
CTYNATENLHOTO [BH)KeHHs1 N OLHHAKOBBIX MOJIEKYJ rasa,
Haxoasiuxcs B obveMe V, m — Macca MOJNEKyJbl, U, — €€
CKOPOCTb.
2°, Ec/H  BBeCTH CPEIHION KBaJapaTUYHYID CKOPOCTDb
(11.2.2.4°%, 10

1 St ud
é’x_mev = Mo,
rae M=Nm — wmacca rasa. Torma
pV =5 M® = 3 Nmis, (#)
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¥YpaBHeHue (¥) NMO3BOJISET BHIPA3UTh JABJAEHHE Tasa:
1 5 1 =
p == v = = nmu?,
TJeP=nm— IUIOTHOCTb Tasa, 7 — YHCJIO MOJIEKYJI rasa B ejlu-
Hule obvema (n=N/V). JlaBjeHue rasa mnpoONOPUEOHANLHO
NPOU3BEJICHNIO €r0 TJIOTHOCTH Ha CPEIHHI KBajpaT CKOPOCTH
MOJIEKYJi rasa.
3°. Jlaa oOAHOrO MOJsl Tasa, 3aHMMAIOILETO OFbeM V..
(I1.1.1.6°), ypaBuenue (x) paer
mo?
R
rae N, — nocrosnHaa Aporagpo (11.1.1.5°%), e=mu%/2. Be-
JUYNHA & XapakTepu3yeT CPeOHION KUHEIMUYeCKy 0 aHepaur
Xa0THYeCKOr0 TenJOBOIO JABHMIKEHHS MOJIEKYJIBl rasa.
4°, CpaBHeHue YpaBHeHUs (¥*) ¢ ypaBHeHuem MeHpgese-
eBa — Kunanefipona past oauoro moas rasa (11.3.3.7°) pV,=
=RT npuUBOAUT K MOJEKYASPHO-KHHETHUECKOMY HCTONKO- -
BaHHIO mepmodunamuyecxkoti *) remneparypu (11.3.1.7°):

3 R 3

qu:%NAmE—ZzéNA =%NAE, (%)

B stoit popmyse Bennuuna k=R/N, npeacrasiser coGoi Mo-
JA4pHYI0 (YHMBepCaslbHyl0) TasoBylo nocrosmnylo (11.3.3.79),
OTHECEHHYIO K OJLHON MOJIEKYyJie Ta3a, H HA3LIBAETCH NOCHOSH-
noit boavymana:

k=R/N,=1,38-10"2 /K.

dopmyna A5 & NO3BOJSET BCKPHITH (DH3UUECKHHA CMBIC
TEPMOAMHAMUYECKON TeMnepaTyphl. TepMeAnHAMIUeCKas TeM-
neparypa siBAsieTcs MePOoH cpeaHell KuHeTHyeckod sHeprum
TENJOBOTO XAOTHUECKOTO JBMIKEHHS MOJIEKYJ HA€anbHOrO
rasa. CpeiHssl KHHETHYECKAs SHEPTUS MOJIEKYJIb Fasa npe. op-
IMOHAJIbHA TEPMOJMHAMHYECKOH Temnepatype. B  ofuactu
BECbMa HU3KHX TeMneparyp, 6/M3KMX K TEMIEpaType BHIPOXK/ie-
Hus (VI.1.8.1°), npeannyiive yTBEPKICHUS HE CIPABEAJIMBEL.

3apaua 1. Tlojg KakuM fAapjieHHeM HaXoAuTcst B GaJsijoHe
BOLOPOA, €cd eMKocTh GajsioHa 10 JIMTPOB, a KHHETHYeCKast
SHEPTHs NOCTYNATEJbHOIO ABHXKEHHS MOJIEKYJ BOLOPOJA pas-
Ha 7,5-10° Jx?

Hano: &,=7,5-10® Ik, V=10 n1=10"2 m?.

*) 31y TemnepaTypy panbile HASHBANH abCONIOTHOM TeMUEpa-
TYDOH,
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Hatimu: p.
Pewerie: OCHOBHOE ypaBHEHHE KHHETUYECKOH TEOPHH
rasa pV=(2/3)&.

Orciona
2 51 2 /17,5108
p=7387, p=5 (T ) Axn® =5,0-10° Hme,
p=0,5 MITa.

3agaqa 2. [lox KakuM JaBJIeHHEM HAXOAUTCA ras, ecid
CpelHsii KBaJAPATHYHAS CKOPOCTb ero MoJekya 580 m/c u
INOTHOCTD paBHa 9-107* r/cm®?

Jano: V o = 580m/c, p=9,0-10-% r/cm® = 0,9 kr/m?.

Hadmu: p.

Peweriue: VI3 OCHOBHOTO ypaBHEHHSI MOJEKYJAAPHO-KHHe-
THYECKOIl TEOPHH p = —;-pz?-, rae p — MJIOTHOCTh rasa, U® —
cpesHufl KEQAPAT CKOPOCTU MOJIEKYJ,

p=(1/3}-0,9-580* Hm?*=1,1.10* H/m® = 1,1 MIIa.

Sagaya 3. B ogHoaroMHOM rase HaxojATcst B TePMOAMHa-
muuecxkom papHoBecun (I1.3.1.3°) ¢ rasom nbIMHKE BO B3Be-
wertom coctoaunn. Temneparypa rasa 300 K. Onpepenuts
CPCHHIOI0 KHHETUYECKYIO SHEPTHIO MOCTYHATENIbHOTO JABUKEHHSA
O100 MOJIEKY/bl U OJHOH MBUIMHKHA.

Hano: T=300 K.

Hadmu: ey, &,

Pewenue: Vi3 ycnoBus TepMOAHHAMHUECKOTO PaBHOBECHSI
MBUVIMHOK M MOJIEKYJ rasa CJefyeT, yTO UX cpeiHue KUHeTH-
YeCKHe 3HeprdM OIMHAKOBHL. 13 OCHOBHOrO ypaBHeHHS MoJe-

KyJI5ipHO-KHHETHYECKO! TeopuH rasos e= (3/2) kT. Orciona
£, = (3/2) kT = (3/2)- 1,38 10~%. 300 Ik = 6,20 10~2* k.

3anaua 4. UeMmy paBHa cpeHAA KHHETHYECKAf 3HEprus
NOCTYNATEBHOTO JBUXKEHHS MOJIEKYJ, COAEP:KAUUXCH B Of-
HOM MoJie U B | Kr resius npu remneparype 1000 K?

Hano: T=1000 K, p=4-10"% kr/mMons, M=1 kr.

Haimu: &;, &,

Pewenue: CpeiHIOD KUHETHYECKYIO SHEPTHIO MOCTYNaTelb-
HOTO JABMXKEHHSA OJHOH MOJEKYJBl omnpejequM Ho Qopmyne
e¢= (3/2) kT. Tax KaK 4HC/IO MOJIEKYJ B MOJNe PaBHO N ==
==6,02-10% mMoab~%, TO cpeaHsAiA KMHETHYECKas SHEPIHAl BCEX
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MOJIEKYJ1, cofiepxaiyxes B 1 mMone, Gyaer
& =eN,=(3/2) kTN, =(3/2) RT,

Tlie R — yuueepcanbHas rasosas nocrosiHHasi, CienoBatenp-
HO,

&:1=(3/2) RT =(3/2)-8,31-1000 Ix = 1,25 10* .

Cpennsisi KuMHeTHYECKasi SHEPrHsT MOJEKYJ TesHs, COfep-
XKamuxes B | Kr, paBra

552 = (3/2)—’;1 RT, rne —/:fw—qncno MoJIel,
532 = (3/2)-(1/4)-1072-8,31. 1000 dx = 3-10° Ix.

F'aaea 8

3AKOHbBI HAEANBHDbIX FA30B

3.1. VYpaBnenue cocrosnus

1°. ®usuveckue siBleHNS B razoo6pasHbiX M APYTHX Tenax
n3yuaTes, KpoMe craTuctuueckoro meroaa (11.2.2.3°%), Tepmo-
JAuHaMMuecKuM MeronoM. Tepmodunamuxol Ha3biBaeTcs pasje
(H3UKH, B KOTOPOM H3YYaIOTCS YCJIOBHUS NPEBPALIEHHs 3Hep-
THH W3 OJHOTO BUJa B APYroH M KOJHYECTBEHHLIE COOTHOIEHN S
npy takux npespamenusx (11.4.3.4°). B ocHore Tepmoanna-
MPKH JIE)KAT SKCNEPUMEHTANbHO YCTAHOBJICHHBIE 30K0HbL (Ha-
uaaa) mepmodunamuku (11.4.5.1° u 11.4.9.2°). C nomomupio
3THX 34KOHOB MOXKHO, He NPHHMMas BO BHHMAHHE MOJIEKY-
JISIPHOTO - CTPOEHHS BeIMECTB, MONYYHTh MHOrO CBEJeHHH o
CBOHCTBAX TeJ H 33aKOHOMEPHOCTAX MPOLECCOB, NPOHCXOASIHX
C TelaMH B PasJMuHBIX ycaoBuaX. IlosToMy TepMOAMHAMUKA
IIMPOKO HCHOAb3YETC BO BeeX o6hacTaX (QU3MKH.

2°. COBOKYMHOCTb 3HayeHUi HEKOTOPOTO uHcaa Pu3nyeckux
BeJMYUH, XapakTepH3ylouux ¢usnyeckue cBoiictBa Tesa (CHc-
TEMBI TeJl), ONpPEeJeNsieT COCTOAHNE Tesa (CHCTEME! Tean) — mep-
moQuHamudeckoe cocmosHue. PH3VUECKHE BEIHYHHH, ORHO-
3HAYHO ONPENEJIAMINE COCTOSIHHE Tesa (CHCTeMbl Tea), Ha-
3LIBAIOTCH mepmoduHamuyeckumu napamempamu *). K tepmo-
JVHAMHYECKHM mnapaMeTpaM TeJ OTHOCATCA: TeMIeparypa,
IJIOTHOCTh, TENJIOEMKOCTh, YAENbHOE 3JAEKTPHUECKOe COonpo-
TUBJICHHE B MHOrue ipyrue $usvyeckue BEJIUUHMHEL

*) Ot rpeveckoro «parametron» — oTmepHBaOmHit.
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Hanpumep, TepMOAMHAMHYECKOE COCTOSIHHE XKHAKOCTH, Ha-
JUTOR B OTKPBITHIH COCYA, ONpeAe/]sieTcd ee MIOTHOCTBIo, aT-
MochepHEIM JaBJeHHeM H TeMmepaTypol. DJeKTpHYecKoe co-
OPOTUBJICHHE METa/IHYECKOro IPOBOAHMKA XapaKTepH3yer
3JIeKTPHUECKHE CBOMCTBA MPOBOJAHUKA. DJIEKTPHUECKOE COMpPO-
THBJIEHHE GYJeT OIpeLesIeHO, eCJH 3alaHbl YAG/IBHOE S/IEKTDH-
ueckoe conpoTus/eHne nposoguuka (111.2.4.1°) u ero pasmepst
(a/1MHA ¥ JIOAAb MONEPEYHOTO CeYEHHsT).

JIBa cocrosiHHs TeJa (CHCTeMbl TeJI) CUMTAIOTCHA PassHYHBI-
MH, ecTd AJs HUX HeOAWHAKOBBHI 3HAYeHUs XOTH OBl OHHOrO
¥3 TePMOJHHAMHYECKUX NapaMeTpoB.

3°. CocrosiHMe cuCTEMBl Tell HA3bIBAETCS CMAYUOHAPHOIM,
€M OHO He U3MEHsleTCss BO BPeMeHH. DTO O3HAyaeT, 4YTO H H
O HH U3 TePMOAZHHAMUYECKHX IaPaMeTPOB, OIpPEeAesIOmUX
COCTOsIHHE, He H3MeHsieTcst ¢ TedeHHeM BpeMeHu. Crapuonap-
HOe COCTOSIHHE CHCTeMbl Ha3bIBAeTCH PABHOBECHbIM, €CNU OHO
He 06YCJAOB/IEHO KAKUMH-JUG0 SIBJEHUAMH, NPOUCXOASIIUMH ©
TEIAMH, BHEIIHHMH [0 OTHOLIEHHIO K JaHHOH cucreme. Ecau,
Hanpumep, OAHH KOHED, MeTa/JIHYeCKOro CTEPXKHs NOMECTUTb
B TAIOLU#A Nefl, a APYrofl — B KUIMSLLYIO BOAY, TO TeMIIepaTyphl
000MX KOHIOB CTEpKHSA He OyAyT HUSMEHATbCA C TeueHueM
BpemeHy. OIHAKO Takoe CTaUUOHApHOE COCTOSTHUE He Oyzer
paBHOBECHBIM, HOO MOCTOSTHHBIC TEMNepaTypbl NOAJCPXKUBAIOT-
sl IOJBOJOM K CTEPKHIO S3HEPTHM OT KUMSIIEH BOAL H OTBOJOM
3HEPTUM OT CTePIKHS K Taomemy Jbay. B aTHX ycnoBusix
npoucxoaur terootmer (I11.4.3.1°). CrannoHapHoe cocTosiHue
KaMHs, JIeXxallero Ha fHe siMbl, GyeT PaBHOBECHBIM, €C/IH CYH-
TaTb, YTO B CHCTeMe «3eMJsi — KaMeHb» HEe MPOUCXOAHT siBJIe-
Huil, HAPYIUAIOMUX COCTOSHUE KAMHSL.

4°, PaBHOBECHOE COCTOSIHHE CHCTEMBI ONpPEe/e/IsieTcs He Bee-
MH TEPMOAMHAMHYECKHMH MapameTpami, a JHillb HEKOTOPHIMH
W3 HHX, Ha3bIBAaGMBIMU HNapamempamu Cocmosnus (0CHO8HbIE
napamemper cocroanus). OcCTajibHbIE TEPMOJUHAMHYECKHE [1a-
paMeTphl CHCTEMBI B COCTOSIHHH PaBHOBECHS 3aBUCAT OT mapa-
METPOB COCTOSIHHSA,

OCHOBHBIMH TapamMeTPaMy COCTOSIHHST XYMHYECKH OJHOPOK-
HOH CHCTEMBI ABJAIOTCS: yOerbHoul 06Bem U, 3aHUMAEMbIH eAHHY-
el Macchl BeulecTsa, d0agaeHue p u memnepamypa T.

5°. JlaBjieHueM p HasbiBaeTcA (U3MUeCKas BEJIHYMHA, DaB-
HAst MOAYJO CHJIB, JefiecTByoed Ha €IUHULY IVIOWAAH IO
BEPXHOCTH T¢/d DEPIEHAUKYNAPHO K Heid:

_ AF,
=7AS
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Ecau Ha NOBEPXHOCTH S JaBJieHUE BE€3/e TIOCTOAHHO, TO

F
p=-3

6°. YieabHbLIM O6LEMOM U HasbiBaercsl OOBEM elMHHYHOH
MacChl:

v=1/p,

rre p — miaorHocth (1.2.3.7°). JIns opHOPOAHOTO Tena yJenb-
HblH 06beM paBeH OTHOLIEHUIO ero ofbema K Macce:

v=V/M.

7°. B TepmonnnamiKe Temnepatypa T siBJAsIeTCH BEJIHYHHOM,
xapakrepusywumell HanpapJcHHe TENJOOOMEHa MEXAY TeJamu
(11.4.3.1°, cm. Takxe 11.2.4.4°). B cocTosinuy PaBHOBECHs CHC-
TEMBl TeMIIeparypa BCeX TeJ, BXOAAMMX B CHCTEMY, OJHHAKO-
Ba. Jl1sl H3MepeHus: TEMIIEPATYPLl NCNONb3YeTCs TOT PaKT, yTo
OPH U3MEHEHMM TEMIIEpaTyphl TejJa M3MEHSIOTCH TOUYTH BCe
ero (uauyeckue CBOMCTEA: JJHHA H 0OBEM, IJIOTHOCTL, YOpy-
rue CBOWCTBA, 3JEKTPONPOBOAHOCTD H aAp. OCHOBOH A5 u3Me-
pEeHMs] TEMIEpaTypbl MOXKET SBJATHCS H3MCHEHWe Jo6Oro M3
STHX CBOMCTB KaKoro-mifo OJHOTO Tesa (mepmomemnpiuyecsoe
meAo), €C/IN /A HEro U3BECTHA 3aBUCHMOCTD JIAHHOTO CBOHCTBA
OT Temreparypel. TeMneparypHasi WiKaja, yCTaHaBAHBaeMas
¢ TIOMOILBK) TEPMOMETPHUYECKOTO TeJa, HA3HIBAETCS IMRUPULEC-
xodi. Ilo pewennio 1X [emepanpHol KoH(epeHIMH MO MepaM n
pecaM B 1948 r. ansi MpakTHUeCKOro ynoTpeGJeHHsi NPUHHATA
MeHOYHApoOHas cmoepadycHas memnepamypran wikasra. Jlns
[OCTPOEHHS 3TOH IIKAJbl, YCTAHOBIEHHSI Hayasa OTCYETa TeM-
nepaTypbl ¥ eAMHMIBI ee u3MepenHs — rpaayca Ueabcns —
NPUHUMAETCs, YTO NPH HOPMANbHOM arMOC(EPHOM JABJEHNH B
1,01325-10° H/m? TemnepaTypbl I1aBAEHUH JbAA M KHOEHHS
Boabt paBHbl cooreercTBerHO 0°C n 100 °C. IX Tenepanbuas
KOH(epeHLUs: [0 MepaM M BecaM YCTAHOBWJA abCOAOMHYIO
MepMOOUHAMUHECKYI0 tiKaAy TEMNEPATYPH, B KOTOPOH Temne-
parypa usmepsiercss B keavsurax (K) (rpaaycax KeJIbBuHa) H
ob6osHauaercss 7. CBf3b MEXKAY TEPMOAMHAMHYECKOH TeMIle-
parypoii T u TeMnepaTypoil ! o CTOrpanyCcHoO# IWKaJe:

T=273,15-+1 (M Takxe VII.4.2°).

Temneparypa T=0K (no mxane Lleabcusi — 273,15°C) ua-
3BIBAETCA  QOCOMOMHLIM  HYAeMm memnepamypui (CM. TaKke
I1. 4.9.4%.

§°, B paBHOBECHOM COCTOsiIHHH TeJial
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a) mapamerphl ero COCTOSIHUSI PABHBL COOTBETCTBYIOMUM Ma-
pamerpam cocrosinus BHewHeit cpemst (11.3.2.2°),

6) napaMerpel COCTOSHHS p, v 1 T OJMHAKOBHI BO BCeX Yac-
tax tena. Hanpumep, s rasa, HaxoJfWlerocs B paBHOBeC-
HOM COCTOSIHWH, ero JaB/eHue d TeMieparypa OJHHAKOBH BO
BCcex yacTAX ofbema rasa Ha OJUHAKOBHIX BHICOTAX.

9°, Mexay TpeMa OCHOBHBEIMH [2apaMeTpaMH COCTOSHHS
Teja CYIeCTBYeT CBfi3b, HA3RIBAEMAR YPABHEHUEM COCMOSHUA.
Ono 3amuchiBaercss B (opMe (GYHKIMOHANBLHOH 3aBUCHMOCTH
mexay p, v u T: f(p, v, T)==0. D10 ypaBHeHHE OINHCHIBAET
TONBKO PABHOBECHBIE COCTOSIHHA Tesa.

3apaua. [laBnenue B rasoreHeparope (ycTaHOBKe AJA TO-
JNyueHus rasa) uamernnoch Ha 1,70-1072 amm. Kak wnsmenu-
Aach Pa3HOCTh ypoBHell BOA B MaHOMETPe, NPHCOSAHHEHHOM
K refeparopy?

Hano: Ap=1,70-10"* atm=1,72-10* H/m?, p==10% kr/m®
(u3 Tabauu).

Hadmu: Ah.

Pewenue: JaBnenue BBIYHCASETCH 10 dopmysne p=F,/S,
rae F, — cuia, HanpaBs/ieHHAd HOPMAJILHO K NMOBEPXHOCTH S.
B nauHom cayuae cuna F,—cuna tsukectd cron6a Bogsl, S —
MJIoWAAb CeYeHHA cTonGa sogst. ChaefoBaTensHo,

p=F,/S=mg|S.

Macca Bogst m=Vp, rae ¥V — o6bem Bofpl B croJife BHICO-

TOI0 A, P — MAOTHOCTH Bofbt, V=~h-S. Torna
= phSg/S =pgh, Ap=p—p,=pg(hi—h,),
OTKya
. . Ap 1,72.10°
Ah—hl—hz—Fg—, A= 3BT Ma0,18m.

3.2, TepmogHHAMHYECKHE NPOIECCHI

1°. Besikoe H3MeHeHHe COCTOAHHS Tesa (CHCTEMBI Ten) Ha-
abiBaetca mepmodunamudeckum npoyeccom. B mobom Tepmou-
HAMUYECKOM [IPOLecCe H3MEHSIOTCS NapaMeTphl, OnpeNesiio-
e cocrosiHue Tena (cucrembl Te1). Hanpumep: npu ysesn-
YeHHU JaBJIEHHS, OKa3blBAEMOro Ha a3, [POHCXOAHT yMeHblle-
HHe ero 06beMa; MpH TIOBLIIIEHHH TeMITePaTyphl META/LIHYECKO-
IO CTepKHSA OH YAJMUHSETCH H T. A.

2°.  PagHosecHbim (K8A3UCMAMUHECKUM) NPOYECCOM HA3BI-
BaeTCs TEePMOAHHAMHYECKHUH MpOLecc, NPHU KOTOPOM Teno (cuc-
TeMa Te€J) NPOXOAUT HenpepbiBHBIH PfJi PABHOBECHBIX COCTOf-
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muit (11.3.1.3%). Tlpu paBHOBecHoM Dpouecce COCTOSTHHE Tena
JOJKHO H3MEHATbCA GECKOHEYHO MeJIEHHO. 2T0 O3HAUAET, UTO
TeJIO NPOXOJZUT 4Yepe3 paj GecKoHEUHO ONH3KUX COCTOSHHM
paBHOBeCUS C BHEHIHeH cpeno.

IIpumep. VaeanbHuifi ras HaxomuTCs B UWJIHHADE ¢
noauxKHpiM nopiuxem (puc, 11.3.1). Byaem cunrats, uro cusiot
TAKECTH NMOPIIHS H CHJICH €ro TPEHHS O CTEHKH HMIHHAPA MO~

HO npeHeGpeus. [loka nopuen» Henosipu- p

JEH, ra3 HaXoQuTca B COCTOSSHUH DaBHO- L 1401
BecHsl C BHewHel cpenodi. Ecan nop neit- ~..i.__-_43
CTBHEM BHelHe#l CHJIbl TMOPHIEHb MELIEH- g i

HO (CO CKOPOCTbIO, MHOFO MEHBIIEH CKO- 7

pocTh 3ByKa B rase (IV.3.3.3%) 6yzer nepe- K
MeIaThCss BHU3, To OyAeT NPOHCXONHUTb
NPOLECC CXKATHA Trasa, KOTOPhl MOXHO
CYNTaTh paBHOBecHHM. Ilpn 3toM namie-
HHE, TeMnepaTtypa M IJOTHOCTh rasa BO Puc. 11.3.1
BCeX vuacTsx o0wema Huaunapa OynyT

OJIMHAKOBBIMH WM. MCIKHO -IpeHe6pedb pacrnpoCcTpaHeHHEM 3BYKa
B rase.

Tlpy aBrXeHHU MOPLIHS € KOHEYHOH CKOPOCTHIO NOL HHM
obpasyercss of1acTb NOBbIIEHHOTO - AaBJeHHsa. Mamenenne
JIABJIEHHs B rase GYLeT PachnpoCTpaHsiThes MO BCeMy oOBEMY
rasa co CKOPOCTbIO 3ByKa. PaBeHCTBO JABJIEHUR BO BceX yac-
TAX 00beMa ra3a HapyLIHTCA, H IPH 3TOM TeM CHJbHee, yeM
GoJibie CKOpOCTh nepeMellenust nopiuns. CocTosiHua rasa lie
6yayT paBHOBecHHIMM, 100 OYyZeT HapyileHo YCJIOBHE DaBHO-
Becnoctu cocronHnit (11.3.1.8°),

3°. Bce peanbHbie TepMOAMHAMUYECKHE TIPOLECCH] TIPOTEKAIOT
C KOHEYHOH CKOPOCTHIO H M03TOMY SIBJSIIOTCS HEPABHOBECHLI-
M. JI1ib B OTAEABHBIX CNyYasiX HEPABHOBECHOCTLIO PEAJIbHEIX
NPOIECCOB MOXHO NpeHebpeys.

4°, Jlasi u3ydeHHsl U CPaBHEHHS Pa3/MYHBIX TEPMOAMHAMH-
YecKHX NPOHECCOB MX M306paaioT rpadudeckd (epaghuteckoe
usobpascertie npoyeccos, Mmepmoduramuieckue Ouaepammot),
Jas rpaduveckoro onucannsi nponecca BhIOMpaercs NpsiMo-
yroJibHasi ZE€KapToBa JABYMEPHAs CHCTEMA KOOPAHHAT, N0 OCAM
KOTOPOH OTK/AJIbIBAIOTCA JiBa H3MEHSIOHIMXCs Napamerpa coc-
TOSIHHA, HAIPUMEDP AaBJIEHHE P H YARJbHHIH 00BeM v (mepmo-
Qunamuneckas duazpamma p — v). 3aBHCUMOCTL p OT U (pHC.
11.3.2) usobpakaer HaHHBI TepMOAMHAMMUECKHI Hpouecc,
Toukn A,(pi, v1) 1 A, (P2, v5) XapaKTepu3yOT HaYAILHOE H KO-
HeyHOe CcOCTOsiHuA Tena. Tperuii mapamerp cocrosHmsi, T, B
KaxJOH TOoYKe TepMOAMHAMHYECKOro NpOUecca onpefeasercs
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7 A0 YpaBHEHHIO COCTOAHHA. Pelue-
HHe YypaBHEHHs COCTOSIHHA Tejla

P ——— A (I1.3.1.9°) orHocureanHo T 103BO-
4 /:' JfeT Ha#TU 3aBucuUMOCcTh T =9 (p, v).
P ! 5°, I'papuyeckn MOKHO H300pa-
1 i ®arb TOJBKO pAaBHOBECHBIE COCTOS-

i { HHUs M PaBHOBECHbIe mpouecchl. B

0 l'"/ ,rjz ¥ Clyyae HepaBHOBECHBIX IPOLECCOB

HeJIb3si TOBOPHUTH O [lapaMeTpax coc-

Puec. 11.3.2 tosanua p, v u T Beero Tesa, u6o Ha-

pyiuaercsi yc/aoBHe 6) paBHOBECHOCTH

cocrostnua (11.3.1.8°) m Tepsier cMbIC/ ypaBHEHHe COCTOA-
HHs Teja.

3.3. 3akoHbl M30MPOLECCOB B MICAJNBHbIX ra3ax.
YpasHeHHe COCTOSHHUA MACAAbHOIrO rasa

1°. H3zonpoyeccamu Ha3bIBAIOTCS TePMOAUHAMHYECKHE MPO-
Hecchl, NpPOTEKAliHe B CHUCTeMe ¢ HeH3MEHHOH MaccoH Inpu
NOCTOSTHHOM 3HAUEHHWH OJHOTO W3 [apaMeTPOB COCTOAHHS
CHCTEMBI,

H3zoxopuueckum (A30XOPHEIM) NPOIECCOM Ha3bBIBaercs Tep-
MOJMHAMHYECKHH [pOUecC, MPOTEKAIOIWHUA NpH NOCTOSHHOM
obpeme cucrembl (V=const).

Hzobapuseckum (u3o6aproim) HasbiBaercss mpouecc, Npu
KOTOPOM JIaBJIeHHe COXpaHseTcsi NOCTOSHHBIM (p=const).

Haomepmuueckum (usomepmroin) Ha3bIBaeTCs TepMOAMHA-
MHUECKH{I Tpouecc, MPOTEKAIUA TpPH HEH3MEHHON TeMIle-
parype (T =const).

2°, Hsorepmuueckuil rpouecc B HJeanbHOM rase IOAYH-
Hsiercs saxony botiara — Mapuomma: 1Jist AJaHHOH MAacCChl rasa
[IPH HEU3MEHHOHN TeMmnepaType Npou3BejeHHe YHCAEHHBIX 3Ha-
ueHHil aBJeHHs # oGbeMa eCcTd BETHYHHA HOCTOSHHAS!

pV = const.

B repmoguHamuyeckot quarpamme p — V nsorepmuyeckuii npo-
necc M3o0palKkaeTcss KPHWBOH, HasbiBaeMoHl usomepmotd (puc.
11.3.3).

3°. s u306apHOro npouecca B UACAILHOM rase CHpaBej-
nuB 3akon Ied-/Iioccaka: npu [OCTOAHHOM JAaBJIEHHH 00BEM
JaHHOH Maccel rasa NMPsIMO NPOMOPUMOHANEH €ro TepPMOAUHA-
MHYECKOH TeMmeparype:

V=V,(1+ayt), nm V=°‘VV0T=‘VoTTo"
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rae V,— o6bem neanbHoro rasa npu remneparpe 7,=273,16 K,
ay=1/T,=1/273,16 rpan™! — mepmuteckuil Kosppuyuenm
00BeMHO20 pACUIUPEHUs, KOTOPBbI CUMTAETCS OAMHAKOBHIM
LI BCeX HJeasbHBIX Ta3oB.

4
Uz dopmyant Gy = CleAyeT, 4T0 &y XapaKrepusyer
OTHOCHTE/IbHOE yBenuueHuHe o0beMa rasa NpU M3MEHEHHH ero
TeMneparyphl Ha ofuH rpaayc. B puarpamme V — T usoGape

I 14

i§

,4/

-
/’

g 1 ] i

Puc. 11.3.3 Pue. 11.3.4

HBIl npoliecc H3oGpakaercsa oTpe3koM npsmod AB (pue,
11.3.4). Tlpamas He Moxer GbITh NpoBeieHa B 06/1aCTH HU3KHX
a6CoJIOTHHIX TeMieparyp, OJH3KHX K TeMIeparype BhIpOXK/e-
nus rasa (VI.1.8.1°).

4°. M3oxopuwlfi mpouece B uieasbHOM rase OINMCHIBAETCA
saxonon llapas: npu mocrosHHOM o0beMme NaBJleHHe NaHHOH
Macchl rasa NpsiMo NPONOPLHOHAILHO €ro TePMOJUHAMHUECKOR
TeMIeparype:

T
p=po(l+ayf), 1w p=ci,p,T =py 7,

Ile p, — HaBjenne rasa npu temneparype T,=273,16 K,
ocp—-:?’%—;—mepMuttecxuﬁ Koaghhuyuenm  OasreHus,  KOTO-
0

pHIfi XapaKTepH3yeT OTHOCHTEeJNBHOE YBeJHYeHHE AaBJjeHHs
rasa npd HarpeBaHHY ero Ha OJUH rpagyc.

B nmarpamme p — T wu30XOpHBIH nponecc u3obparkaercs
otpeskom npsamoit BC (puc. 11.3.5), KoTopyio Heqb3si NPO10A-
¥UTL B 00JACTh HU3KHX TeMIeparyp, O/IM3KHX K TeMIeparyie
Bripoxjenns (VI.1.8.1°), rjie 3akoHbl HeaJbHBIX A30B HENpH-
MEHHMBI.

3apaua 1. Crexnannas kosa6a ofwvemoM 10 cM® ¢ y3ko#t
mekkoh Geta Harpeta go 114 °C, 3arem meitky Kosi6bl onycru-
JH B pryThb. [IpH OXJsaxAeHHH Bo3ZyXa B Koaby sowso 36 r
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pryti. Jlo Kako# TemmepaTypsl oxnaauacs Bosayx? I[lror-
HOCTb PTYTH cuuTarh pasHol 13,6-10° xr/ms,
Hano: Vi=10cm3=10-10"% M3,

p T,=2734-114=391 K, p=13,6%
% 103 kr/m?, m=36,0-10"3% xr.
Haiimu: T,.
£ Pewenue: Tlpouecc oxnaxpe-
HHSA BO3/yXa H306apHbIl, TaK Kak
B BO3AYX W PTYyThb HAXONATCA MOJ
. atMoctepHbeIM faBieHuem. Ilo 3a-
g 3 kony Tei-Jlioccaka V,/T=Vy/T,,

orkynaa T,=T,V,/V;.

O6beM XOJOZHOrO  BO3AYXa
V. onpesenurca Kak pasHOCTb
o6beMoOB KOJIOH W pTYTH, Boleduleii B Konby, T.e. V=
=V1—V,. O6vem prytn V,=m/p. Toraa

Puc. 11.3.5

a <J0-8
(h—-’-"—)Tl <10-10-6——“M—0—3-) - 391
T = P T — 13,610 K~
2 Vs v T 10-10-¢

~ 288 K.

3anaua 2. [lassenne Bosnyxa B 6ansjone NOCTOAHHOrO 06be-
ma npu 7°C 6bino 0,1515 MIa. Tlpu narpesanuu jgo 100 °C
pasJjienyie nopeicusoce fo 0,2020 MIla. Onpepenuts TepMu-
YyecKHH KO3(pULUEHT AaBJeHHS .

Hano: ,=7,00°C, p,=0,1515 MIla, £,=100°C, p,=
=0,2020 MIla.

Hadmu: a,.

Peuienue: Tlponecc narpeBanus HsoXopHbifi, V=const.
lo sakony Wapas pi=py(l+a,t), p.=pe(l-+oa,t.), rae
ps — Aabaenne Bo3pyxa npu 0°C. CoBMecTHOe pelleHne ABYX
ypaBHEHHH JaaeT

Pe— D1
o, —_t2—H
P pita—paty’
0,2020—0,1515

— -1 Ji0-3 K -1
%p =5 T515 T00—0, 2020700 K = $67-107° K%,

3apaua 3. Temneparypa Ha yaune —13°C, B nomeuienun
22°C. Ha ckoJbKO H3MEHHTCs JaBJjieHHe B Ta3cBOM GaJJioHe,
ccad GajlloH BHeCTH B nomelilende. B nomeuienns manomerp
na 6ajajoHe nokasas 1,50 MIla.

Hano: T1=273—13=260 K, T,=273+22=295 K, p,=
=1,50 MIla.

Hatimu: Ap.
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Peuwenue: Tlpouece HarpeBanusi rasa B 3aKpblToM OaJuioHe
usoxopusiit, V=const. ITo saxony WMlapas p/T=const. Hs-
MEHEHHE JIaBJIeHHst [PU HArpeBaHHM rasa Ap=p,—p,, Ui
pr=ps—Ap.

Ypasuenne sakona Ulapas ang  IByX COCTOfIHMH:

5 ~—A
—% = BET‘TB’ OTKyla

ap =2 L= gy LE0-CR_30) Mo 0,18 MITa,
2

5°. Aduabamuveckum (aduabamnbim) NpoUECCOM Ha3bIBaeT-
csl TepMOAMHAMUYECKHH Tpouecc, KOTOPbId OCYMIECTBAALTCA
B cHcTeme 6e3 Tennoobmeta ee ¢ suewnumy tesamu (11.4.3.1°).

4 Iy

0 7
Puc. 11.3.6 Puc. [1.3.7

IMpumepom apuabarHOro npoiecca MOMeT CJYKHTH Bech-
Ma OBICTPOC paciiMpeHHe B aTMocdepy rasa, MOMeIIEHHOro B
TENJIOM30/IMPOBAHHEIH COCY, TPU GBICTPOM OTKPLIBAHHH KpaHa.
AnnabaTHbI npouece JOMAKEH [IPOUCXOAUTH HACTONBKO OBICT-
po, uTofBbl NMPU OTKPBIBAHHM KpaHa A He ycnen NpOH30HTH
TensioobMen rasac atMocgepoit (puc. 11.3.6). Anuadatuyecknit
ApOLECC  PACIIMPEHHS rasa MOXKeT [NPOHCXOJUTL TOJNBKO 3
cyer yObl1H BHyTpeHHe#t suepruu rasa (I11.4.5.4°). Ipu stom
pe3Ko najaer AABJCHUE ra3a U MPOHUCXOAUT MOHUMEHHE ero
TeMIepartypsl,

Ha juarpamme p — V apuabatuueckmil rponecc uH3o6pa-
XKaercs KPHBOH, HaseiBaeMol aduabamoti (puc. 11.3.7).

6°. 3axon Asoeadpo: npy ONMHAKOBBIX NaBJIEHUSIX U OJMHA-
KOBBIX TemNepaTypax B paBHBEIX o0beMax pas3/H4YHBIX TrasoB
COJEPKUTCA OJHHAKOBOE 4ucja0 MoJsekysd. MHpiMu ciioBamu:
OpY OJUMHAKOBBIX JABJEHHSX U OJUHAKOBBIX TeMieparypax
MOJIM DPAa3/JHYHBEIX HEAJbHBIX Ta30B 3aHUMAIT OJMHAKOBbIE
o6nembl (cM. Takxke 11.1.1.6°). Yucso Moneky.1, Haxoasmuxcs
B | cM® ujeanbHOTO rasa Npu HOPMasIbHBIX YCJAOBMAX (/=
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=0°C, p=1,01325-10* H/m?), HaspiBaerca nocrosinsofl Jlous-
mudma u paBHo 2,687-10% cm~3.
7°. ¥ pastienue cocmonnus udearvroeo 203a Jisi OLHOrO MOJs
HMEeT BHJ
pV“ =RT,

rie p, Vy,n T — paBjenue, MOJNSPHELT 00BEM H TepMOANHAMH-

yeckas TeMnepatypa raza, a R — moaapuan (yHusepcaio-

HAS) eq30805 NOCMOSAHHAS, YNCJIEHHO papHas pafoTe, cOBep-

" ILEHHOH OJAHKM MOJEM HJeasbHOTO rasa npu H3o6apHOM MOBHI-
HIEHUH TeMIepaTypbl Ha OAHH Tpagyc:

R— P (Va—Viy)

= A

13
rae Vi, n Vi — KOHEUHBIH M HAYaIbHBIA 0OBEMB MOJIS Tasa,

R =8,31.10% Ixx/xmoab - K = 8,31 lax/monb- K =
= 10,0821 a1-atm/Moab- K = 1,99 gan/Monb - K.

Ins npousBospHOH Macchl M rasa ¢ MoJispHOH Maccoil
M Y
p obpem V = e V,.. YpaBuesne Mendeaeesa — Kaanedpona
JJis TPOH3BOJbLHOH MacChl rasa WMEeT BHJ

M

[Tockonbky V/M=u ecTb yaeabHHIl 06beM rasa, To

R
pv—“T BT,

rae B=R/p — yOeavnan 2a306a8 nNOCMOAHHAA, 3ABHCAILAN
OT MOJISIPHOI Macchl rasa,
8°. Jpyrofi BUL ypaBHeHHS COCTOSIHHS WAEANBHOTO Trasa:

p=nkT,

rie n=N,/V, — KoHUeHTpauus rasa, T.e. YHCJO HACTHUL B
efuHuLe obvema rasa, Ny— nocroannan Asorazgpo (I11.1.1.5%),
k — nocrosinnas Boabumana (11.2.4.4°).

3apaya 1. CkoJbKO YacTHIL BO3AyXa HAXOAUTCS B KOMHaTe
naomanbio 20 M* ¥ Beicotolo 3 M npu Temneparype 17°C u
haBjeHuyu 752 MM pr. CT.?

Hano: S=20 M2, h=3wm, T=174273=290 K, p=
=752 MM pT. cT.==752.13310% H/m?.

Haiimu: N.
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Pewenue: Uucno yactuy B einHuue o6beMa ONpenessiercs
no gopmyae n=p/kT, rpe p — nasnenue, T — TepMOAMHAMH-
yeckas Temneparypa u k — noctosiiHas bBosbumana. Obiee
gucqao wactuy, N=nV, rge V — o6vem komuatel, V=SHh.
CnezoBartesbHO, YHC/IO YaCcTHI[ PABHO

. P 105203 26

3agaua 2. Ha CKO/MbKO MOHM3U/IOCH HaBJEHHE KHCJAOPOAA
B Gassone emxoctbio 100 g1, ecau u3 Hero orkadasu 3 Kr rasa?
Temnepatypa rasa 17°C ocraBasnach NOCTOSIHHOM.

Hano: V=100 n=0,1 m3, AM=M,—-M,=-3 xkr, T=
=290 K.

Hadimu: Ap=p,—p;.

Peenue: Tlo ypasrenuo Menzeneesa — Kuaneiipora ans

ABYX COCTOSIHHH rasa umeem p,V, =ﬂRT1-, p.V, :.Ai’f.RT_

Ilo ycaosuwo Ty=T,=T u V;= V2 V. Boluuras nquleH-

)——M2 Mi R, oTKyaa Ap = A‘/IIRT,

rie p — MoJspHas Mmacca Kucjaopoja =32-107% xr/moib,

—3-8,31.290
Ap :—‘—m I'I/M2 = —-2,26 108 H/Mz.

3anaua 3. B Gansone emkoctbio 100 uTPOB NpH HOpMAaJib-
HHIX ycaoBuAX conepxkurcst 8,9-107% kr rasa. Onpenenutsb
MOJIAPHYIO MacCy 3TOro rasa.

Hano: V=1001=0,1 M3, p=760 mm pt.cT.=1,01.10% H/™m?,
T=273 K, M=8,9-1073 kr.

Hadimu: p.

Peuwerue: Tlo ypaBHenuio MenpeneeBa — Kuanefipona

pV=—f—f-RT, = MRT

pv
8,9.-10—2%.8,31.2 ; -
= Wg Kr/moap = 2,0 1072 kr/Monb,

Ho, nonyyaem V (p,—p,

F'rasa 4
OCHOBBI TEPMOAUHAMHKH

4.1. TonHasa ¥ BHYTPeHHSS dHeprusi Tena (CHCTEMBI Ted)

1°. Tlonnas sneprusi E cucTeMbl COCTOHT u3
a) KUHEeTHYEeCKOH SHePIiH ee MaKPOCKOIHYECKOr0 ABHIKEHH S
Kak uesaoro &;
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6) nmoTeBuMaNbLHOK 3HEpruM [IP™WH | ofycioBneninoll Ha-
JIHYKEM BHEUIHHX CHJ/IOBBIX [oJef, HapHMep 3JeKTPHYECKOro
WM TPaBUTAalMOHHOrO NOJ;

B) BHyTpeHHed snepruu U.

[lonnas sneprus E paBna

E=é°+17"“e“‘“+U.

2°, Buympennei snepeueii meaa (cucmemor mes) U Hasb-
B4eTCA SHEPrusl, 3aBUCSNAS TOMbKO OT TEPMOAMHAMHUECKOTO
cocrosinus (11.3.1.2°) Tena nau cuctemsr Teg.

BHyTpeHHssl 3Heprus CHCTEMBl 3aBUCHUT OT Xapakrepa
JBUMEHHS W B3auMoJledcTBUA yacTHl B cucreMme, OHA COCTOMT
U3 CJelyIoUuX Yacrted:

a) KMHETHYECKOol IHEePrHU TEenJOoBOTO XaoTHYeCKOro JBHIKe-
HHf YacTull, o6pasyioliX chcTeMy (MOJEKYJ, aTOMOB, HOHOB
H Ap.);

6) noTrenuMaJLHOM 3HEPTHH yacTHl, o0ycJoBJEHHOH cuia-
MH HX MEXMOJIEKYJAAPHOro B3anMoAeHCTBHS

B) 3HEPIUH 3JEKTPOHOB B 3JEKTPOHHEIX cloax (V1.2.8. 6°)
aTOMOB H HOHOB;

r) BHyTpnﬂnepHoﬁ sneprun (V1.4.2.1°),

3°. Bce uacty BHYTpeHHell 3HeprHM 3aBHCAT OT TOIO, B Ka-
KOM COCTOSIHHM HaXOAuTcs cHcTeMa. BuyTpenusas sHeprus
onpenensercss TePMOAHHAMHYECKHM COCTOSIHHEM CHCTEMBI H
He 3aBHCHT OT TOro, KakuM o0pa3oM cCHcTeMa OKasanach B
JaHHoM coctosHuu. CliefoBaTesbHO, BHYTPEHHSIA SHeprusi He
CBfi3aHa C NPOLECCOM H3MEHEHHs COCTOAHHA CHCTEME. B 1Byx
HJYM HECKOJIbKHX OAMHAKOBBIX cocTofiHMsX cuctemsl (11.3.1.2°)
€e BHYTPEHHSS SHEpPTHs OJHA U Ta Ke.

Hauanom oTcuera BHYTpeHHeH 3HeprHil cuuTaeTcs TaKoe
cocTOsiHHe cHcTeMbl, B KotopoM U paBna Hyao. OG6hIYHO
HOJIaraloT, YTO BHYTPEHHSS SHEPTHSl CHCTEMBl paBHA HYJIO
upu abeosoTHOM HyJ1e TeMiepatypel (T=0}. Onnako npakru-
uecKHHl HHTepec NMpeACTaBJsieT He caMa BHYTPEHHSs! IHepPruf,
a ee uameHenne AU npu nepexoze CHCTEMBI H3 OJJHOTO COCTOSHUA
B apyroe. IlosTomMy BhiGOp Hauana oTcyeTa BHYTpeHHel 3Hep-
FMH HE HMEeT 3HayeHMs (CM. DDOM3BOJLHOCTH BHIOOpA Hauaja
OTCYETa NOTeHUMaabHON 3Hepriy B Mmexanuke (1.5.3.5%).

4°.B Tex cayuasx, Korjia ¥3MeHeHMeM COCTaBHHIX dYacTel
B) H T) BHyTpeHHeH 3HepPriH MOXHO npeHeGpeus (n. 2°), BHYT-
pelHAs 3Heprus CHUCTEMBI CKJaJbIBA€TCsl W3 KHHETHYECKOH
SHEPrHH TENJOBOTO ABHIKEHHSI YACTHIL BellecTBa M UX TOTeH=
LHAJBHON 3HEpPTHH.
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IIpumep 1. Buympennaa snepeus 00Ho20 MOAS OOHO-
amomHo2o udearbHozo0 2430 3aBUCHT TOJHKO OT €r0 TEPMOAHHA-
Mmuyeckoit temneparypul T

3
U='§ RTv

rae R — ynupepcanbHas rasopas nocroannas (11.3.3.7°).

Vlamenenue BHyTpeHHefi 3HepruH Mosis Takoro rasa AU
ApH Nepexofie ero U3 OJHOro COCTOAHHA B APyroe [pofMopuHo-
HAJIbHO M3MeHeHHIo TemnepaTypnl AT:

AU =U,—U, =35 RT,— 3 RT; =3 R.AT,

rae AT=T,—T;
IIpumep 2. Buyrpenusa sHeprus JeopMHPOBAHHOH
NPYXKUHBL ABJSIETCS ee noTeHuuannHoH sueprueit (1.5.3.6%):

U=*kx?/2,

rae k — kosbpuunent ksasuynpyroit cuast (1.2.9.4°), x —
nuHeiinaa nedopmauus (pacraxende uau cxarue) (11.7.2.4°).

VameHenne BHYTpeHHeH SHEPrHH NPYMUHBI NPH pacTsixe-
HHH (CKATHH) ee OT Xi A0 X,

AU = kx3/2—kx3/2.

4.2, PaGora

1°. TlpexncraBsienuss o paGoTe M 3HEPTHU, PACCMOTPEHHbIE
B mexanuke (1.5.1.1°, 1.5.3.2°), nonyuator pasButie B T€pMO-
ZuHamyKe. HeoGx0AMMBIM yC/IOBHEM COBEpHIEHHA TesioM (HJu
cuctemoil) paBoTel siBJsETCS NepeMelleHHe Tena NPH HaJlHdnH
HefictBytomux cui. O paGore MOXHO TOBOPHTH TOJNLKO TOTJAA,
KOrjla [POHCXOANT U3MeHeHHe COCTOSIHHA Tesa (MM CHCTeMBl).

Paznuwarorcas paora A, kotopas coBepuaercs
CHCTeMOH HaJl BHEULIHUMH TesJaMH, H pa-
Gora A’, KoTOpassi coBepmaeTCcs BHEMHHUMHU Te-
JaMnH HajA cuCcTeMOHN. 3Iru paboThl YUCICHHO PAaBHbLI
U TPOTHBONOJOXKHKW o 3Haky: A=—A"'. Pabora A npuuu-
MaeTcs MoJoNKUTeNbHOH, paGota A’ — oTpuuATeNbHOH.

2°, Pabomou pacuupenus udearproz0 2a3a HasbIBaeTCs
paboTa, KOTOpy10 COBepiuaeT ras NpPOTHB BHELIHEro JAaBJeHH:A
(puc. 11.3.1). Dnemenrapuas pabora AA ompenensiercs: dpopmy-
Jot

AA=p.-S-Ax=p-AV,
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rjlie p — BHellHee AaBJeHue, S — nJollafb NOPIIHSA, 0L KOTO-
pLIM HaXOAMTCSH ras, Ax — 3/1eMeHTapHOE NepeMenieHne nopi-
HA U3 nojoxenus ! B nonoxenne 2, AV=S-Ax—npupame-
HHue obbeMa rasa.

Tako# ke (opMmyJioH Bblpaxkaercs aJaeMeHTapHas pabora,
COBeplIaeMas He TOJbKO T'a3oM, HO M JIOObHIM TeJOM NPOTHB
BHEILHEro [aBJjieHns.

[Tpu pacliupeHny rasa oH coBepliaeT NOJ O X HT € J b-
HYy 10 paGory nporus BrewHux cua (AV>0). Ilpun cxarun
rasa copeplulaeTcsi oTpuitaTeabHas pabora (AV<O).
Ona copepiiaercs TeMH BHEIIHHMH TeéJaMH, KOTOpHE Co3ianu
BHEIlHee JaBJeHYeE.

3°. Pafora pacuiipenusi npH H3MeHeHHH o6beMa rasa (W/H
Jioboro tesa) or Vy no V, paBHa cymme 3JeMeHTapHbIX paboT

A=Dp-AV.

Hanpumep, B cayuae usobapuueckoro mpouecca (I1.3.3.1°),
npH KoTopoMm p=const, pa6oTra paclupenns

A=p (Vz_vi)’

rae Viu V, — HauanbHEIN ¥ KOHeuHBHH o0beMBl Tena,

[lpu u3oGapuueckom npouecce pabora pacuiMpenns H3o6-
paxaercs Ha guarpamme p — V NJIOWAAbIO 3aIITPUXOBAHHOTO
npamoyroavHuka (puc. 11.4.1).

? ! 1
, , ===~ I
/// \
-~ st
0, 7 0y i
Puc. 11.4.1 Puc. 11.4.2

Ha mnarpamme p—V paGora pacumpenus npu Jobom
npouecce U3MepseTcs IJIOMAAbIO, OTPpaHHUEHHON KPHBOH npo-
necca, OCbl0 abCUMCC M BEPTHKAJbHHIMM nNpsaMbIMH V=V, n
V=V, (na puc. 11.4.2 5T nJiomany 3aiITPUXoBaHkl).

4°. PaGora pacumpenys, copeplmiaemas TesioM (cHcTeMoit
TeN), 3aBHCHT OT XapakTepa Ipouecca H3MEHEHHS €ro cocTos-
HuA. D10 BHAHO Ha pHc. 11.4.2, rae niomaay NMOA KPHBHIMU
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npoueccoB 112 u 1112 pasnvunsl. Ha 3toM ocHOBaHO neficTBHe
tensospix Mamuu (11.4.10.1°).

5°. Pa6ora, coBepuienHasi CHCTEMON B TOM HJM HHOM Mpo-
necce, ABJAsETCS Mepoil H3MEeHeHUs €€ SHEPIHH B 3TOM Mpollec-
ce (cm. takxe 11.4.9.3%). Tlpu coBepmeHnn paGoTH 3HEprus
YNOPSIZOYEHHOTO JIBUXKEHUS OJHOrO TeJa NEepPexOAUT B 3Hep-
rUI0 YNOPfAJIOYEHHOro JIBHXKEHHS APYroro teqa (MM ero yac-
tefl). Hanpumep, ras, pacuupsiomuiics B UMJIMHADE ABHra-
Tedsl BHYTPEHHEro Cropauus, epeMmelaer NopiueHb 1 nepejaer
eMy 3Hepruio. DJIeKTPOABUCATENH, NPHBOASLIME B JBHKeHHe
pasHooOpa3Hble CTAHKM W MALIMHE!, TaKXKe OCYUIECTBJASIOT Ie-
pejavyy 3HeprHu.

3apaua 1. Onpenennte paGory paciumpenus 20 i rasa npu
nsobapuueckom Harpeanuut ot 300 K nmo 393 K. Hasnenue
raza 80 xIla.

Hano: V=20 n=20-10"% m3, T;=300 K, T,=393 K,
p=80 k[1a=80-10% H/m2.

Haiimu: A.

Pewenue: Pabora paciiupenusi rasa npH H3o0apUuecKoM
sarpesaiud A=p(V,—V,). Vi vV

1;I‘ax Kak npu n3obapuueckoM Iporuecce 7,—=-7-;3 y TO Vo=

1

A=pVi(72—1),

A =80-10°.20. 10-9 (%3%—1 ) Tk =496 [Ix.

3apgaua 2. Asor Maccoro 280 r 61 HarpeT NpH NOCTOTHHOM
Aasnerun Ha 100°C. OnpejeauTh paGoTy pacliupens.

Hano: M=280 r=0,28 kr, p=28-10"2 xkr/Monn, AT =
=100° C.

Haiimu: Pa6ory pacmmpenus.

Pewenue: Patora A=p(V,— V;). O6vemnr V; u Vy
HaXOlLHTCﬂ U3  ypaBHennsi Mesneneea — Knanefipona
M RTy  y _ M RT,

5 2= . Torma

PV, =— RT,, otkyna V‘_

A=p< _____ ) M R (T, —T), A=ﬂR-AT,

0,28
A= 5.00=3 831 100}1)}( 8,31-10% k.
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4.3. Tenjota

1°. Tenaomoti naswiBaerca Takas Gopma nepejauu SHEPrui,
NpH KOTOPOH OCYILECTBJSIETCH HEOCPENCTBEHHBIH OOMEH 2HEP-
ruell Mexly XaoTHYECKH IBUMKYIIMMUCH YACTHLAMA B3auMozel-
crByouux Ten. lpr atoM 3a cuer nepesanHofl Teaqy IHepPTHH
YCHJUBAGTCH HEyNOPAJOUEHHOE [BHIKEHHE ero 4acTuil, T. €.
yBeJMUHBAeTCs BHYTPEHHAA sHeprust tena. Hanpumep, npu
COIPUKOCHOBEHUH ABYX TeJ C pasjudhoifl TeMnepaTypoH yac-
THLB! OoJiee HArpeToro Tesa NepejaioT 4yacTb CBoeH HepTHH
4ACTUIIAM MEHee Harperoro Tesa. BHYTpesuss SHeprus nepso-
ro Tena yMeHbIUaeTcsl, a BTOPOro — yBeJHYUBAETCA, H HX
Temneparypul BolpaBHuBatoTca. [ [ponece nepefauu sHyTpenHeil
sueprun Ges copepiueHus paboTsl HA3LIBACTCH MENACOOMEHOM.
Mepoti snepruu, nepeaHHOd B (popMe TeMJIOTBL B IIpouecce
Tenoo0MeHa, CYyKUT BEIHUHHA, HA3BIBAEMAA KOAUUECTIBOM
MenAomol, WM BPOCTO MeNnAomol.

B o6pun0 NpUMEHSIEeMOit TepMHHOMOTHE TEPMUHBL «paboTa»
H «renjotar uMeroT ABosikuil emplca. C ofHOH cropotibl, padota
M TEMmIoTa — 3TO JABE pas3/uuHble GOPMBI NEPefaud SHepPrud,
a ¢ ipyroil — Mepnbl nepefraHHoit sHepruu. I1paBusnbHee Bo BTO-
pOM c/lydae rOBOPHUTb He O «CcOBepLIEHHOH pafore» MM «CO-
o0laeMoM KOJMYeCTBe TEMOTE», a 00 DHEPTUH, nepeaaHtol,
cooTBeTcTBeHNO, B jopme pabotol uan B dopme tenyots. Tam,
I¢ 3TO He BbI3bIBAET MyTaHUNBl, TaKas KpaTKas TePMHHOJO-
rusi NpUMEHsieTcsi B LaHHOM CIPAaBOYHOM PYKOBOJCTBE,

2°. Tennora, Kak M paora, fIBJATCA HE BHAOM 3HEPIHUH,
a dopmoit ee nepefadn. llostomy yrorpebaesue BbipameHun
«3anac TelsoThl B Tese» sisjisercs owwmobodnsiM. Omwmnbka coc-
TOUT B CMELICHHH OAHOI'O H3 BUJOB SHEPrHU (BHYTpPeHHel 3Hep-
ruu) ¢ Ghopmofl nepefayy SHeprun — TeJIoToH.

Teny Heof6xonuMO cOOOLIATL Pa3Hbie KOJMYECTBA TEMJIOTHI
AJIA NePesoja ero U3 OJHOrO COCTOSIHUSA B APYroe B 3aBUCHMOC-
TH OT TOTO, Yepe3 KaKHe MNPOMEXYTOUHBIC COCTOAHHA OHO IIpH
stoM npoxoaut. Hanpumep, mas HarpeBanua NaHHOU Macchi
raza Ha Af °C B m3oxopuom npouecce (I1.3.3.4°) tpebyercs
MeHbIlee KOMHYECTBO TerNJIoThl, 4eM JNA TaKOro e Harpena-
nust B usobapuom npouecce (I11.3.3.3°). Tensora, B oTiMume oT
3HepruM, He sBAsAeTCA (PyHKUMEHd COCTOSHHS CHCTEMal, a 3a-
BHCHT OT [IpOlLIecCa H3MEHEHHS 3TOr0 COCTOAHHS,

3°. Tenuora u pafora 06/afalOT Tem OOLEM CBOICTBOM,
YTO OHHM CYIIECTBYIOT JIMIIb B NPOLECCE Nepefaud SHEpruu, a
WX UHC/eHHbie 3HayeHus (1. 1°) 3aBUCAT OT BHAAQ 3TOrO Mpo-
necca.
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Tennota u pabota SBIAIOTCSH KAYeCTBEHHO HEPABHOLEHHE!-
MH (dopmaMH nepejsaud svepruu. B dopme paGoTel nepejpaerca
SHEPrusl YHOpsJloueHHOro ABuKeHMs. Eciau Haj TejsoM co-
pepitaeTcs paora, To 3TO MOXKET NPHUBECTH K YBEJHYEHHIO JIo-
Goro BuJa 3Hepruy A2HHOTO Tesa WM Apyrux rted. [lycts, Ha-
npuMep, ABUKYWIMHACA IIap HEYNpPYro coyjapsercsa cO CTeH-
koil. Tlocne Heympyroro ynapa teno octraHaBjAHBaeTcsd, ¥ BcA
3HEPrusl ero yNopsACYEHHOrO JBMIKEHUS NEPEXCAUT B H3Me-
HeHHe BHYTPEHHel sHepruu tena u cTeHku. Ilpoucxomnut nepe-
XOJI SHEPruH YHOPSIAOYEHHOro [BHMKEHHS Teja B IHEPrulo
GecnopsAZIoUHOro ABMKEHUsl uyacTvll. Takoll nepexoj, sHepruu
apasiercs HeoGpatumbiM (11.4.9.3%),

Ecau Teny nepenaercs sseprusi B gopMe TEWJIOTHI, TO 3TO
yBeJMUHBaET 3HEPrHI0 XaOTHYECKOTO TeIJIOBOTO JBHXKEHHS
€ro YacCTHIL H HeNOCPEACTBEHHO NIPUBOJMT TOILKO K YBEJHYEHRIO
BHYTpeHHe#l 3Heprum Tena. Tak, Hanpumep, NPH HarpeBaHHU
rasa, 3aKk/iCYeHHOro B COCYJle NOCTOSHEOrO o0bema, Bo3pacra-
10T CKOPOCTH JBMJKEHHf MOJIEKYJl rasa H yBeJHYHBAETCH €ro
BHYTPEHHSS1 SHEPrus.

Jaa Toro uteful DpY MoOjABENEHHM TENJOTHL K Teny IpOH:
30LIO YBeJHYEHHE HRLIX BHJOB HEPTHH, KPOME BHYTpEHHeH,
Heo6XO0AUMO X0TA OBl HaCTHUHOE Npeo0pasoBaHie XaoTUYeCcKoro
JBI2KEHHUSl YACTUI Tesla B YNOpsILOYEHHOe, UJH, KaK 4acTo, HO
He TOYHO TOBOPAT, «IpeoOpasoBanye TENJOTH B paboTy».
10 NPOUCXOANT B TemIoBuX asurarensx (11.4.10.1°, eMm. Tak-
xe 11.4.9.3°).

4°. B pealbHBIX YCJOBHAX 06a cnocoGa nepefaud IHEpTHH
cucteme (B dopme paboTel U B (opMe TEnJoThl) COLYTCTBYIOT
Ipyr apyry. Hanpumep, npu HarpeBaHHu MeTa/sIHdecKoOro
CTEPIKHSI NPOHCXOAUT YBeJHYeHHe ero BHyTpeHHell 3Heprud
U OJHOBpeMEeHHO TemnsoBoe paciuupenue crepxus (11.7.3.1°),
a CJICAOBATENbHO, COBEPINAETCS paboTa paciuHpeHust,

B Mexaynapoanoi crcreme emunun (CH) Koauyectso Ten-
JIOTHI, KaK # paboTa, uamepsiercs B axkoyaax (Jx). Jasa name-
PEHHS KOJINYECTBA TeIJIOTH NIPUMEHSIETCS W BHECHCTEMHAS €U~
Huna — xanopusi. Opna xanopus (VI1.4.1°) sxBuBaneHTHa
4,19 JIx paGorel. Mexanuqeckutl sK8usaAeHM MERNOMbL

I'=4,19 [Dx/kan = 4,19 107 spr/ka.

Bennuuna, obparunas I, 1/7=0,239 xan/JIxk, Ha3biBaercs men-
L06bLM  IKBUBQACHMOM PaBOMbL.
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4.4. TemjioeMKOCTb

1°. Tenacemrxocmoto HasbBaeTcsl (U3NUECKasl BEJIHYMHA,
YHCJIEHHO paBHAsi KOAUYeCTBY TensoTel AQ, KoTopoe HeoOX0H-
MO COOGILHTL TeNy AJs HarpeBaHUs €To Ha OLUH Tpaiyc:

—AQ
C =~

TennoeMKoCcTb T€a 3aBUCHT OT €ro Macchl, XHMHUYECKOTo
cocTaBa, TepMOfMHaMuyeckoro coctostHusi Teaa (I1.3.1.2°)
¥ BHJA TOTO NPOLECCa, B KOTOPOM TeNY NepeflaeTcs 3HEeprus B
tdopme Temnotel. s HarpeBaHus AaHHOA Macchl raza Ha OAUH
rpagyc tpebyercs pas/iHyHOE KOJHYECTBO TEHVIOTH, €C/IM Ha-
rpeBaHde NMPOUCXOAUT B PA3/HUHBIX YCJAOBHSX, HAlpUMep TPH
MIOCTOSIHHOM oObeMe WJM npH NOCTOSHHOM JAaBJjeHnH. Bo BTO-
poM cayuae Ttpebyercss Gosiblliee  KOJIHYECTBO  TeMAOTHI
(11.4.3.1°).

V3 onpenenenuts TennIoeMKoOCTH clefyer, 4To Npu aguadar-
HOM npouecce, Koria AQ=0, TenjoemMKoCTs paBHa HYJIO.

IIpu nsorepmuyeckom nponecce (AT =0) nonsitue Tenaoem-
KoCTH He uMeer cMmbicia (C=o0). Tak, B yCIOBHAX KHIEHHs
xuakoctd (11.5.3.1°) u nnaBaenns tBepanix Ten (11.7.4.1°)
H3MeHeHHsT TeMneparypsl He npoucxodut (AT =0) u noustue
TeNJIOEMKOCTH TaKKe He HMeeT CMbIC/]1A NPUMEHSATD.

2°. YOeavrotl menacemkociioio ¢ Ha3bIBAETCs TEMOEMKOCTh

€JIMHHULILl Maccbl O/JHOPOAHOrO BeulecTBa: ¢ rie M —

:—M-,
Macca BellecTBa.
T YienpHas TeNJIOeMKOCTb Tejda He SABJAAETCS HOCTOSHHOM
BeJIMUYMHOH, U B TaOJHIAX TEIIOEMKOCTE! YKa3biBaloTCs YC/I0-
BUA, 414 KOTOPHIX JaHHbBIE TaGJIUUBl COPABEAJIHBHI,
Monspuoil menaoemsocmosro C, HasblBaeTcs TENJIOEMKOCTb
ojunoro moas Beulecrsa: C,=cu, rje p — MoJApHas Macca
peitiectea (11.1.1.7°),
3°. Kosauuectso temnorst AQ, KOTOpoe HE0OXOAHMO AJs
TOro, YTo0bl HArpeTh Te/0 OT Temnepatypsl T o Temnepatyphi
T+AT, pasno

AQ=C-AT.

Jas tena maccsl M nonyunMm AQ = M-c.AT:—I—‘:— C,-AT,

rie A:——tmcno monedt (II.1.1.7°).
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4.5. Tlepepiit 3akoH (Hayajo) TepPMOAHHAMMKH

1°. Miamenenue BHyTpenHeii sHeprun AU Tena (cucTeMbl)
IpH NePeXofe U3 OJHOrO COCTOSIHHA B JPYroe PaBHO CyMMme
cOBepLieHHOH Ha A Tea oM pabotel A’ U MOTYYEHHOTO UM
KOJHYECTBa TennoTh AQ:

AU = A" + AQ.

B.aro#i dopMy/iupoBKe NepBOro 3akKoHa TEPMOIAUHAMHKH Y4H-
THIBAETCA, UTO CYHIECTBYIOT AB€ (OPMBI MEPENaud SHEPrHH —
paoTa U TeIJIoTa.

2°, Ecau paGory A', coBeplmeHHYyI0 Hajng Te-
AoM (CucTemMoll) BHEW HUMH CHJAMH, 3ame-
HUTb pPABHOH ell 4YMC/JeHHO, HO NPOTHBONOJIOXKHOI TNO 3HAKY
paGorot A=—A', coBepHmleHHOH caMHuUM Te-
soM (cucTeMO#) Hafl BHEWHHMH TeJaMH,
TO

AQ=AU + A.

Koanuectso Tenjorsl AQ, KOTOpoe NoayYeHo TeoM (CHCTEMON),
pacxopyercss Ha u3MeHenHe BHYTpeHHeH snepruu AU u Ha
pabory A cucreMbl (Tena) nNpoTHB BHEMHHX cun (apyras ¢op-
MYJIHPOBKA Nepeoeo 3aKoHa (Ha1aaa) mepmoduramuxu).

Hanpumep, ecsin K rasy, 3ak/IlOUeHHOMY B COCY A€ TIOJ NOpLI-
HEM, NOJBOANTCS HEKOTOPOE KOJHYECTBO TENJIOTHI, TG OHO MO-
*eT ObiTh M3pPacXoJ0BaHO Ha TOBHILIEHHE TeMiepaTypsl rasa,
T. €. Ha YBeJMYEHHE ero BHYTPEHHeH B3Heprunm W Ha pabory
NPOTHB BHEIIHETO NABJEHHs p NpH NepeMellieHn: TNOpUIHS H3
noaoxenust 1 B nosoxenue 2 (puc. 11.3.1).

3°. TlepBbifi 3aKOH TEPMOAMHAMHKH TPUMEHHTEJBHO K H30-
" Tepmuueckomy npoueccy (11.3.3.1°) B uueasbHoM rase umeer
BuJ AQ=A. BHyTpeHHAs 2Heprus HIeaJLHOro rasa npu 3ToM
H3MeHsaThcss He Oyner, ubo AT=T,—-T;=0 u AU=0
(11.4.1.4°). Bce nozsesennoe KoAHYECTBO TEMJIOTH PacXOAyer-
cq Ha paGoTy NPOTHB BHEIIHero AaBJeHHMS.

Ilpn usoxopuom npouecce (11.3.3.4°) koauuecTBO TEMIOTHI
AQ uper TonbKO Ha yBennueHHe BHYTPeHHeH SHEPTHM rasa
AU, AQ=AU. CnegosarenbHo, TeMneparypa rasa [OBLILIZET-
ca Ha AT. PaGory paciunpenusi ras He coepmaer (A=0).

Ipu usoBapuueckom npouecce (11.3.3.3°) xomuuecrso Ten-
JIOTHI, TIOZBOJAMMOE K rasy, pacXolyercss H Ha YyBeJdueHHe
BHYTPeHHeH 3HeprHH M Ha paGoTy pacluiHpeHHsi, KOTOpPYIO CO-
BepLIaeT ra3 npoTuB BHewHero paaennsa: AQ=AU-}-A.
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4°. Tlpu apuaGatudeckom mpouecce (11.3.3.5°) AQ=0 #u
nepBblil 3aKOH TEPMOAUHAMUKH NpHHMMaeT BUA A= —AU.
B ycaoBHsAx oTcyTCTBHA TemIooOMeHa ¢ BHEWIHeH cpenoH
pafoTa, KOTOPYIO I[IPOM3BOJMT TE&J0 MPOTHB BHEHIHHX CHJI,
NPOUCXCANT 3a cuer yObIIM ero BHyTpeHHe#l sHepruu. Hanpu-
Mep, ecaH HAeafbHbIdl ra3 aanabaTHYECKH pacliupsercsi, npe-
onoJieBas BHelllHee jas/eHHe, TO pafora pAClIMpEHHS rasa
CONPOBOKAAETCA YOBIIBIO €ro BHyTPEHHEH HepTUH U OXJax e
HUEM.

Ecan Hag razom B aiuabaTHYeCKUX YCJOBUAX COBEpIIaeT-
¢s1 paloTa BHEUIHHX CHJI, TO OH CXKUMAETCH, €r0 BHYTPEHHSS
IHEPrus yBeJHYUBACTCA H MPOUCKXOAUT HArpeBaHue rasa.

5°. TenjoeMKoCTh Ta3a npH H300apUYECKOM [pouecce Tpe-
BHIIAET €r0 TelJ0eMKOCTb NPH HM30XOPHYECKOM mpolecce Ha
BeNMuUyy paboThl pacIUMpeHUs, COBepliaeMofl ra3oM NpPOTHUB
BHeiiHero faenedus. s oAHOTO MOJsl HIeasbHOrO ra3a pas-
HOCTh 3TUX TEJIOEMKOCTEH pasHa MoApHOH (yHHBepcaabHOM)
rasoBoit noctosuuolt R (11.3.3.7°).

6°. [lepBbiil 3aKOH TEPMOAHHAMHKH YTBEpMAaeT, UTO He-
BO3MOXKHO [OCTPOUTH TAKOH MePUOIUYECKH NeHCTBYOWHA ABH-
rarteilb, KOTOpbIft coBepiiu Obl paboTy 60/bIIYIO, 4eM JHEPTHs,
KOTOpas TOABOAUTCA K [BUCATeNO M3BHe: gednbill dsuzamens
nep6ozo poda HEBO3IMOMKEH,

JlelicTBUTeNbHO, ec/1d B NEPUOAMYECKH NeHCTBYIOLIEM IBH-
raresie ras, nap Hiau apyroe pabouee tesio *) cobepiuaer xpyro-
soil npouecc (I1.4.7.1°), To wu3MeneHus ero BHyTpeHHER
anepruu He npoucxoaut (11.4.1.3°), AU=0 u A=AQ (n.2°).
Pabora, cosepiyaeMas 3TUM TeJIOM, HE MOXET [PEBOCXOAUTH
MOJBEJEHHOr0 K HEMY KOJIMUYECTBA TEIJIOTHI.

3apaua 1. Kusomodb 0OZHOATOMHOIO rasa Harpepaercsi Ha
100 K npu nmocrosinHoM oObeme. HallT KonuuecTBO TEmaoTHI,
COO00LIEHHOH rasy.

Harno: AT=100 K, V=const.

Haidimu: AQ.

Pewieriue: Tlpu narpeBavuu rasa B ycJOBHAX NOCTOAHHOTO
ofbeMa paboTel He cosepuwiaercs. Bee noasoauMoe K rasy temio
pacxonyercsi Ha yBGIHYCHME BHYTPEHHelt SHeprus, T. e,
AQ=AU.

U= (3/2) kTN,, rae N, — nocrosinHast ABoraapo, uin
U= (3/2) RT.

*} PaGotum mesom B TepMOLHHAMHKEe HA3bIBRETCHA Ta3 HJIH HHOe
TEPMOAHHAMHUYECKOE TeJ0, KOTOpPOe COBEpINaeT KPyroBo# mpouecc H 06-
MEHHBACTCS SHEPryell ¢ AP YTHMH TeJaMHu.
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Ecnn ras varpepaercs una AT=T,—Ty, 10 AU=U;—
—U,= (3/2) R-AT. CnenosarenbHo,

AQ=(3/2) R-AT, AQ=(3/2)-8,31-10°- 100 Ixx =
=1,16-10° Dx = 1,16 MIx.

3apaua 2. ‘Bosnyx B koMHare ofbemoM 90 M® mHarpeBaercs
Ha 10 K. Kaxoit o6bveM ropsiueit Bojbl JOMKEH HPOHTUH uepes
paiuaTopsl BOASHOTO oTonsenus? Bopa oxnaxnaercst Ha 20 K.
ITorepn renna cocrasasior 50%.

Hano: V;=90 Mm%, AT,=10 K, AT,=20 K, n=50%

Haiimu: V,.

Peiuenue: KoMHUECTBO TENJOTH, MOJY4aeMOe BO3AYXOM,
Q,=0,p:V.AT;. KoauuecTBo TEMIOTE, OTAABAEMOE BOJAOH,
Q.=c4p.V.AT,, ThE €, — yAeIbHAS TENJIOEMKOCTb BO3AyXa
~10°% Ix/kr-K, p; — niorHocts Bo3ayxa=1,29 kr/m®, p,—
NJIOTHOCTh BOJb=1-10% Kr/mM?% cy — yHeJbHAs TENNOEMKOCTD
ponsl =4,18.10% Ixk/kr-K.

YuuteiBass noTepu sHeprum, 3sanumeMm Q;=nQ; HIK
i1 ViAT =00, VAT .

Orciofa
— 0piViATy 10°:1,20.90-10 o 10-3 8
2T negeATy V —05 4,18.10°8. 10°%. 50 M =27,7-10"3m8,

3apaua 3. Bosnyx B o6peme 0,60 M® HaxoauTcs noj AaBje-
HueM 0,10 MIla. Onpenennts KONHYECTBO TEMJIOTHI, HEOOXOAH-
MoOe /1 M30XOPHUECKOro Harpepanus Bosayxa or 30 no 130°C.
VYaenvHasa TtemsioemkocTs Bosayxa ¢=0,71-10* JIx/kr-K.
CpeLHIO MOJSIPHYIO MAcCy 4YacTHIl BO3JyXa NPUHATL paBHOR
29-10~% xr/moJib.

Hano: V=0,50 M?, p=0,10 MIla=10% H/m?, T,;=273+
+30=303 K, T7T,=273-+130=403 K, p=29-10"? kr/monp,
¢=0,71-108 Ix/kr-K.

Haidimu: AQ.

Pewernue: Boanyx HarpeBaeTcsi NMPH HOCTOSIHHOM OGbeMe.
KoanuecTBo TemJIoTH, HeOOXOANMOE ISt HATpEBaHUSA BO3LYyXa,
AQ=cM (T ¢—T,), tne M — mMacca Bosnyxa, M onpepenser-

Csl U3 ypaBHeHH: pV = —Al-f— RT; rorpa
AQ=c ¥l (T,—T),

AQ=2TLIP 21 00 100 Ik = 4,06 10+ [Tk,

3apaua 4. Kakoe KOJNHUECTBO TEIIOTHL HEOGXOXUMO AJist
Harpesanus 64 r kucaopoza Ha 50 K npu nocrosnHOM paBJe-
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auu? Kagoe KOMHIECTBO TEMIOTH PAaCcXOAYETCs Ha YBeIHUCHHE
BHyTpeHHell SHepTHH H Ha coBepuieHHe PabOThl PaCHIMpeHHs?
(Y aenbHBIE TEMOEMKOCTH KHeaoposa GepeM M3 TabauiL.)

Hano: M=64-10"3 gr, n=32-10"* gr/moan, AT=50 K,
¢=9,2-10% Nx/kr-K, ¢'=6,53-102 Tx/kr-K.

Haiimu: Qy, Qq, A.

Pewenue: KonuuyecTBO TemJOTHl, MOrJoLiaeMoOe ra3oM [pH
usobapuueckoM HarpeBaHuy, Q,=cM AT, rae ¢ — yaenbHas
TEJIOEMKOCTE KHCJIOPOJa NpH MOCTOSHHOM AaBJCHUM,

Q,=9,20.10%.64.10~*.50 Hx = 2,49.10% Ox.

KonnuecTBo TemIoTh, KOTOpPOEe pacXopyercs Ha yBeande-
uue BHyTpeHHeH suepruu, Q,=c'M-AT, rze ¢’ — ynervHas
TeNJAOEMKOCTh KHCIOPOJA NPH MOCTOAHHOM obneme,

Q,=6,53-102.64.10-%.50 x=2,08-10° JIx.
KosnuecTBo TemnoThl, pacxofyemoe Ha paGoTy pacuiupenust,
A=0Q;—Q,=(2,94-10*—2,08-10%) Mx=0,86-10° dx.

3apaua 5. A30T HarpeBaercsl NPH MOCTOAHHOM A&BJCHHH
100 xI1a. O6beM asora uamenserca Ha 1,50 m®. Onpepenurs:
1) pabory pacuimmpenus, 2) KOJHUYECTBO TEIVIOTH, COOCILEH-
HOe rasy, 3) u3MeHeHHe BHYTDEHHEH SHEPrHd rasa.

Hano: p==100 xT1a=10% H/m?, AV=1,50 m?, Y3 tabaun Ha-
XOAMM: MOJIAPHAS TeIJIOEMKOCTb a30Ta IPH NOCTOSHHOM OGbeme
C=>5 kan/moab-K=20,90 Ix/monb-K. Monspuaa TtenmoeM-
KOCTb a30Ta NpPH NOCTOSHHOM jaasieHnu C'=7 Raa/Mojb-K=
=29,30 Jx/moab K.

Haiimu: A, Q, AU.

Peweriue: 1) Pabora paciuupennsi rasa npu p=const

A=p{V,—V)=p-AV, A=10%.1,50 Tx=1,50.-10% Ix.
2) Q=cM AT, rae ¢ — yAeNbHAS TErIOeMKOCTb MPH [0-
CTOSAHHOM JIaBJICHUH, c==—“-, Ile W — MOJIfIpHAs Macca

rasa. CregoBate/ibHO, Q= -%— M-AT.

Bocnonpayemcss ypaBHennem MenpesneeBa — Knaneiipona
AAs JBYX cocTofiHMil rasa pV; =% RT, un pV, ==-A£RT2.
Buynras 3 BTOPOro ypasHeHust mepsoe, HMeeM

M
p(V,—V)= m (T,—TyYR,

oAV M Mam A
R _MAT’ HaH E'AT_'R'
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Torpa

r A 1,50.10%
Q= CR’ Q=29,30 =51 — 831

3) Vsmenenue BHyTpeHHEH SHEPTHH PaBHO KOJHYECTBY Ten-
JIOTHI, HEOOXOAMMOMY JJIsi HarpeBaHus rasa Ha AT npu no-

CTOfHHOM oObeme, AU=Q, a Q1=C%AT, i Q=
CJICOBATENBLHO,

ok =5,25.10% Ix.

AU =20,90 21 M= 3,75.105 Ik,

4.6. O6paTimMble U HeoOpaTUMblE NPOUECCHI

1°. Tepmopunamuueckufi nporecc (11.3.2.1°) HasniBaercs
obpamumoim  (06pamumeill npoyecc), ecau OH  JOMycKaer
BO3BpalleHHe Teia (CHCTEMbI) B IEpBOHAYA/JbHOE COCTOSHHE
0e3 TOro, uroGBl B OKPYIKAWOIEH cpeje OCTaluCh Kakue-iu6o
namenennd, Ilponece sBasercs o6paTuMbiM, €CJIH TIPU COBEP-
IIEHHH €T0 CHauaJja B [psIMOM, a 3aTeM B o6paTHOM HanpasJie-
Huy (11.4.7.3°) B NCXOAHBIE COCTOSIHYS BO3BPANIAIOTCS KaK caMo
TeNO (MJIU CHCTEMA), TAK M BCE BHEIIHHE Te/a, C KOTOPHIMH TeJIo
(uin cuctema) BaanmojieHcTBOBaNO. HeoGXoauMbIM ¥ 1OCTATOY-
HBIM YCJAOBHEM OOPATHMOCTU TEePMOAMHAMMYECKOTo mpolecca
siBJsieTcsl ero papHoBecHocts (11.3.2.2°). -

I[Tpumepl. AGcomoTHO YNpYrui wap nagaer B BaKyyme
Ha aGCoMIOTHO YOPYIyIo mauTy. Iloce najeHus, Kaxk 5T0 cie-
LYyeT ¥3 3aKOHOB acosioTHO ynpyroro yaapa (1.5.4.1°), wap
BEPHETCS] B HCXO/HOE MOJIOXKEHMe, NPOiAs B 06paTHOM Hanpas-
JIEHHH BCE T€ NPOMEKYTOUYHBlE COCTOSIHUS, KOTOphie OH [PO-
XOAUT TpPH naneHud. Ilocse oKoHUaHMS nponecca wap ¥ mig-
T4 BO3BDPALIAIOTCH B MCXOJHBIE COCTOSIHUSA.

[Mpumep 2. Hesaryxaomue xoneGanusa (I1V.1.1.5°),
KOTOpBIE COBEpILAET B BAKyyMe TeJO, NojBelieHHoe Ha abco-
JIOTHO ynpyrofi npyxuse. B cHcreme oTcyTCTBYeT TpeHue,
H Ko/e0aHusi TPOUCXOANT MOJ AeHCTBHEM CHJIBl TSMKECTH Tesla
W peakUHH ynpyro jehopMupOBaHHOH npyxuHbl. ITo ucrede-
HHW BpeMedn 71, paBHOro mnepuoay KoseGauus (IV.1.1.3%),
MOJTHOCTBIO MOBTOPSIIOTCS B3AHMHOE DACIONOKEHHE U CKOPOCTh
JBHMKEHUS Tefa, NPyXHHB H 3emad. 3a BpeMs T 3aMKHyT2A
cucrema (1.2.2.5°) «reno —— 3emasi» BO3BpAILaeTcsl B HCXOLHOE
cocrosanue, KosebarebHBIH NPONECC B U30JAUPOBAHHON CHCTe-
Me He H3MeHserT COCTOSIHHS APYTHX Teqa. Takum o6pas3oM, OH
ABJSIETCA 0GPaTHMBIM.
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2°, Beakuil TepMOAHHAMHYECKHI npolece, He YA0BICTBOPA-
omufl yeaosusm obparumoctd (1. 1°), nasniBaercsi HeoGpamu-
MbIM mepmoCUHamuuecKuM npoyeccom. Bee peanbHEE npolec-
CBl TIPOTEKAIOT He GEeCKOHEYHO MEAJEHHO, a ¢ KOHEYHOH CKO-
pocthio. Bcee onu conpopoknatorcst Tpennem (1.2.10.1°), mud-
¢ysuer (11.1.3.1°) u tensooGmenom (11.4.3.1°) npu xoneunoi
pasHocTu Temnepatyp Tena (CHCTeMbl) M BHewHell cpennl. [To-
3TOMY BCE peaJibHble NpPOLECCH ABJAIOTCA HEPABHOBECHBIMH
(11.3.2.3%). CniepoBarenbHO, Be peajbHble NPOLECCH ABJATCA
HEeoOpaTHMBIMH.

4.7. Kpyrosbie npouecchl (11HKJbI)

1°. Kpyeosoim npoyeccom WIN YUKAOM HASLIBAETCS TEPMOAH-
HaMUYecKuii npouecc, B Pe3yJbTare COBEPIIEHHS KOTOPOro
pabouee TeJO BO3BpalllaeTca B MCXOJHOE COcTosHHe. B nua-
rpaMmax  coctosHHs  p — V,
Pi p—T wn pp. (11.3.2.4°) kpyrosrie
nporeccH H3obpaxaiorcss B BHAE
3aMKHYTHIX KPUBHIX, 60 B J1060#
JuarpaMMe JiBa - TOXJAEeCTBEHHBIX
COCTOSIHHSL HM300pakawoTcsl ORHOH
W TOH e TOUKOH Ha NJIOCKOCTH.
Kpyrosuie npoueccel ABIAKTCA
V OCHOBOH TEIJIOBBIX  JBHrareseil
(11.4.10.1°).
2°. Pafora npoTuB BHeLIHEro
JlaBJIeHH T, KOTOPYIO COBEplIIaeT pa-
fodee TEO B NPOM3BOJLHOM KPYTOBOM HpolLiecce, H3Meps-
€TCs TINIOWAABIO, OTPAHHYEHHON KPUBOH C;ac,bc; 3TOTO mpolec-
ca (puc. 11.4.3). TIpu pacmupennu no XpHBOH €;aC, TEAOM CO-
BepUIAETCST MOMOXKHMTENAbHAs paGota A;, usMepseMas mnJo-
manptl0  Gurypnl ViyciacsV,. Tlpu oxatud no KpuBO# cbey
BHEIIHHE CHJIbI COBEPILAIOT HOJOXKHTENbHYIO paGoty Aj;, us-
MepsieMylo nJowaneio ¢uryps Vic,be,V,. Hs puc. 11.4.3 Bug-
Ho, uro A,>A;. B nenoM sa uuka paGouee TeJO COBEPIIAET
nosoxutenciyo pabory A=A,-+FA,=A,—A;, usmepaemywo
3aWTPHXOBaHHON mJomanslo Ha puc. 11.4.3 (A,=—A4,).
3°. Ipames yuxkaom HWasbiBaeTcs KPyropoii npouece, B
KOTOpOM paCouee TeJO COBEPILUAET MOJOXKUTEIRHYIO paboTy 3a
c4eT CcOOCHIEHHON eMy TemoThl. B amarpamme p — V npaMoi
LUHKJ H300paxaercsi 3aMKHYTOl KPHUBOH, KOTOpasi OGXOAHTCS
o 4acoBol crpenke (puc. 11.4.3).

Puc. 11.4.3
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Obpamnoim yukaomM Ha3LIBAaETCs KPYroBoi mpouecc, B KO-
TOpoM pafouee TeJO COBEpLIAET OTPHUATENbHYI0 pabory. 310
O3Ha4aeT, YTo Haj pabouuMm TEJOM coBepiiaercsi paGoTa u OT
HEro OTBOAUTCS SKBHBAJEHTHOE el KOAHYeCTBO TeroThl. B pua-
rpaMMe p — V obpaTHeli OUKA H300paxaercs 3aMKHYTOH
KPUBOH, KOTOpast OOXOAWTCS MPOTUB YacOBOH CTPEJKH.

B renmnorom xBurarene (11.4.10.1°) pa6ouee teno (11.4.5.6°)
coBepliaeT MNPsIMOM LHKJA, a B XOJOAWJIBHOH VYCTAaHOBKE
(I1.4.11.1°) — o6paTHBIH LUK

4.8. Uuxa Kapuo

1°. LHuraom Kapro HaswbiBaeTcs npsiMoi o6paTuUMBIH Kpyro-
Boit npouecc (puc. I11.4.4), cocrosunmii M3 ABYX HU3OTEPM
I—1"w 2 — 2" v pByx anuabar 1 —2 u I' — 2'. Tlpu usorep-
MHYecKoM paciuupenun | — [’ paboyee Teno moJydaer oT Ha-
epesamens {(menaoomoamuura) — m
MCTOYHMKA 3HEPIrHHM C [OCTOSHHOH !
temneparypo#t Ty — KoJu4ecTBO Ten- &
JoTel ;. [lpu usorepmuueckoM cma-
Ty 2° — 2 paGouee TesN0 OTAAET r
x0100unrbHUKYy - (menaonpuemnury), 2
HMeIOLLeMY TOCTOSHHYIO TeMrepary- N
py T.(T:<<T,), KOMHYECTBO TEOIOTHl 2 -
Q.. Ipu aguaGataom pacuwupenna u 0 4
CKATHH dHEPTHsl. H3BHe K padoueMmy Puc. 11.4.4
TeJy HEe MOCTYMaeT W 5TH NPOLEcChl
[IPOUCXONAT 3a CYET H3MEHEHUsi ero BHYTPEHHeHd 3HepTuH
(I1.4.5.4°).

2°, Tepmuueckum (mepMOOUHAMULECKUM) KODPUYLEHNOM
noaeaHoeo dedfcmgus (K. 1. J.) TPOU3BOJIBHOIO UMKJIA HASHI-
BaeTcsl OTHOuIeHHe paGoTel A, coBepiieHHOH paGouuM TEJIOM B
NPAMOM LMKJE, K KOJNUYECTBY TEemIOTH @y, COOGHIEHHOMY pa-
fouemy Tesqy HarpeBaTeseM:

EN

_ A _Qi—Qs
=TT

3°. Tepmuueckuit K. n. A. o6parumoro umkja KapHo He
3aBHCHT OT HPUPOABI paboyero Tena M ONPEAEISAETCA TOJBKO
TeMmreparypamu HarpeBartenas Ti U XOJMOAM/IbHHUKA T st

Nk<<l, u60 NMpaKTHUECKH HEBO3MOXKHO OCYIIECTBHTb YCJIOBHE
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Ti—>00 } TEOPETHUYECKH HEBOSMOXKHO OCYHIECTBHTHL XOJOLHIIB-
HUK, y Kotoporo T,=0 (11.4.9.4°).

4°. TepmuuecKuH K. 1. . N)o6p NPOH3BONLHOTO 06PaTHMOrO
IIMKJ1a He MOXKET NpeBHIUATh TEPMHUECKH# K. 0. X. ofpaTiMo-
ro mukjaa KapHo, ocymecTBAEHHOTO MEXAY TEMH XKe Temmepa-
typamu Ti u T, HarpeBarens U XOJAOANUJIbHHKA:

Ty—T
noﬁpg'l—rli .

5°. TepMuUeCKHHl K. I /. Tyeo6, 1POH3BOJLHOTO HEOGpATH-
MOTO IIMKJ/A BCETa MEHLIlIE TEPMHUECKOTO K. II. JI. 00paTHMOro
nukaa Kapno, npoeeseHsoro Mexay temneparypamu T; u Ty

T{—T
Neosp < —"77;‘2 -

[TyuxTel 3° — 5° cocTaBJAIOT coaepxKanue meopemvr Kapro
(cM. taxxe 11.4.9.29).

6°. B o6patumomM muksne KapHo orHOweHue TemnepaTyp Ha-
rpeBaTeqiss M XOJOAUJABLHHKA PaBHO OTHOMICHHMIO KOJHYECTB
TENJIOThl, COOTBETCTBEHHO OTJAHHOH M NOJYYEHHOH HMH B
HMKe:

T &
T2 Q2 )

D10 COOTHOWIECHHE MOMKET OhITh MOJIOXKEHO B OCHOBY CPaBHEHUS
Temnepatyp ABYX Tea. Ecim 3tH Tena BLIOpaHb B KauecTBe
HarpepaTens M XONOJAWJbHUKA B o6paTuMoM wikae Kapho, To,
yamepus Q; ¥ Q,, MOXHO ONpeAenuTb oTHOowenue T4/T,.
Tak ycTaHaB/IHBaeTCA TEOPETHYECKU MEPMOOUHAMUHECKOA KA
aa  memnepamyp. B coorBeTcTBUHM ¢ Teopemoilt Kapho
(nn. 3°—5°) ara wKana He cBfi3aHA CO CBOWCTBAMH TEPMO-
MeTpHUecKoro Teaa (cM. Takxke 11.3.1.7°9).

3apaua 1. [Ipurarenb BHYTPEHHETO CTOpaHHs HMeeT K. M. A
28% npu temneparype ropenvs tonauea 927 °C vi remnepatype
oTxonammx rasoB 447°C. Ha cKOJbKO TNPOLEHTOB K. m. 1.
uieaJbHOH MawpHb OQabiie K. I, X, ABHraress?

Hano:  T,=9274273=1200 K, 7T,=447+273=720 K,
1=28%.

Haiimu: ng, n.

Pewernue: K. n. A. uaeaJbHOH MaluHb, paboTarolied no
Ky KapHo, Haxonurcs no dopmyJe

nK=-T—‘—;I—T3, m<=-129%7—29' 100% = 40%,

N—N=40% —28% =12%.
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3apaua 2. Harpeparenb TemioBoHl MamuHel, paboraioues
no uneasqbHOMY Iukay Kapso, nonyuaer 2-10° xanopuht u
80% or HuX nepenaer XoJMOAMMBHHKY. Ha#iTh K. mL.A. UMKJA
H paboTy, COBEPIHEHHYIO MAIUHHOH.
Hano: Q=2 xkan, @,=0,8 Q.
Hadmu: n, A.
Pewenue: K. n. p. mukja paseH
=g =z 100 9% = =252 . 100%,
1=(1-—0,8)-100% =20%.

Pa6ora A=Q,—Q;=Qm, A=0,2-2-10® gan=4-10* kan,
1 kan=4,18 Jx.
CoejioBaTenbHO,

A=4.102.4,18 Hx= 1,67 xlx.

4.9. Bropoii n Tperuit 3aKoHbl (Hauana)
TEPMOJIUHAMHKH

1°. ITepBuiit 3akoH Tepmouuamuku (11.4.5.2°) He nossonser
onpejeNuTh, B KaKOM HampaB/IeHHM MOXKET MPOUCKOAHTH
TepMmoauHaMuyeckuii npouecc. Hanpumep, ocHoBeBasick Ha
3aKOHEe COXPaHEeHHs U NPEeBPAallleHHs SHePTHH, HeNb3s NPEABH-
JeTb, B KAKOM HanpasJ/JeHHH OYIeT NMPOUCXOAUTb TemJooOMeH
MEeXJy ABYMS TeJlaMH, HarpeTbMH [0 Pas/MYHBIX TeMIeparyp:
C TOYKH 3peHUs TEPBOTO 3aKOHA TePMOAMHAMMKH OAMHAKOBO
BO3MOMEH KaK 1epexoj, 3HepruH B (opMe TemjIoThl OT GoJee
Harperoro Tesa K MeHee Harperomy, Tak ¥ O6paTHbifl nepexoj.
IlepBoiil 3aKOH TePMOAMHAMUKH JONYCKAeT CO3LaHHE B8etH020
Osueamenn emopoeo poda. Tak HasbIBaeTcsl ABUIaTeNlb, B KO-
TopoM pabouee TeNO, COBepILas KPyroBofl mpolece, Noayyasio
6Ll 3Hepruio B opPMe TEmJIOTH OT OXHOTO BHEIHEro Tejaa H
HeqdKoM nepenasano Obl ee B opMe paGoTht ApPyromy BHeI-
HeMy Teay. IlpuMepoM Takoro ABHraTtesiss MOIVIO Obl CYXKUTb
DEePUOJHYECKH JIeHCTBYIOIee YCTPOHCTBO, «BHIKAYKBAIOLLEE»
BHYTDEHHIOIO SHEPIHIO0 OKeaHOB U nepejaioilee ee B Gopme pa-
6OTHL APYTUM Tesam.

2°. HeBO3MOXKHOCTL CO3MAHUSI BEUHOTO JBUraTesst BTOPOroO
pona siBAsIeTCSl YTBEPKIEHUEM, BHITEKAIOMUM H3 06O0OIICHHS
MHOTOYHCJ/IEHHBIX OnbiToB. OHO Ha3bIBAeTCH GMIOPbLIM 3AKOHOM
(Hauasom) mepmoOuHaMUKU K HMEET HECKOJbKO 3KBHBAJICHT-
HBIX APy APYry (opMynupOBOK:

a) HeBO3MOXKeH Tpouecc, e JUHHCTBEHHHM p e
3YyJdbTaToO M KOTOPOTO SIBJASIETCH Nepefaya 3Hepruu B ¢op-
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M€ TEIJIOTHl OT MEHEEe HarpeToro Tesa K Gojiee HarperoMy Tely
(popmyaruposka Kaaysuyca);

6) HEBO3MOXEH NeprHofMYecKHH npouecc, €IMHCTBEHHLIM
pe3yJabTaTOM KOTOPOro SBJASETCH NPEBpalleHHe TEeNJIOTH, 110+
JIYUEeHHOH OT HarpeBareisi, B 3KBUBaJIeHTHYi0 efi pabory (¢op-
myauposka Keavgura).

Bropoll sakoH TepMOAMHAMUKH MOXKET ObTb CQOPMYJIHPO-
Ban B Buze Tecpembl Kapuo (11.4.8.3°—5°%).

3°. Bropoil 3aKOH TePMOIMHAMUKH YKasbiBaeT Ha Heobpa-
THMOCTb npouecca npeBpalleddss OAHOH (OPMBHI Ieperaun
5HeprHH — paloTl B Apyryo GopMy nepejaur sHEPruu — Ten-
JoTy. Hanpumep, npu OTHOCHTENbLHOM ABHMKEHHH JABYX Tel C
TPEHHEM NPOUCXONUT HEOOPATHMEIH Nepexoj SHeprun yuopsgo-
YEHHOTO ABHIKEHMS TeJla KaK Lesoro (o6pariMoro nepexopa
ObITh He MOXKeT) B aHepruio 6ecnopaiouHoro TemI0BOTo ABIKE-
HHs YaCTHIl 5THX ABYX Tea (cM. takxke 11.4.3.3°).

B dopMysmpoBKax BTOPOTO 3aKOHA TEPMOIAKHAMMKH ocofoe
3HAYEHUE HMEIOT CJOBA «EIMHCTBEHHEIM pe3yJbTaToM». 3a-
NIPETE!, KOTOpHIE HAKJAABIBAIOTCA BTOPHIM 3aKOHOM TEPMOAM-
HaMMKH, CHIMAIOTCH, €CM NPOLECCH, O KOTOPHIX HAET pedb,
He ABJSIOTCS eAWHCTBEHHBIMH. [lepegava sHeprud B ¢opme
TENJOTH OT MeHee HarpeToro Tesa K Gosee HarpeToMy BO3MOXK-
H4, €CIM NpPU 3TOM NPOMCXOAWT elle OAMH KOMMeHCUpyoujul
npoyecc, OCYILeCTBASIeMBbIH, HanpUMeP, B XOJOAUJNbHOH yCTa-
soBke (11.4.11.1°). Tlpu v3oTepMuuecKOM pacilipeHuH ujeanb-
HOro rasa coBepuwiaercst padora, NOJNHOCTbIO 3KBHBAJdCHTHAS
temviore, coobmaemonn rasy (11.4.5.3°), HO 37O He sBARETCH
HapyleHHeM BTOPOro 3akoHa TepMoAuHamuKy. Ilpu paciu-
peHuM rasa BospacTaeT €ro yuesibHbiii o6bem (11.3.1.6°), u
cOCTOsiHHE rasa uaMmensercs. I1osToMy npespallieBHe TenJOTH
B paGOTy He §BJSETCS €AMHCTBEHHBIM pe3yJbTaTCM paccMaT-
pHBaeMoOro mpoiecca. B 00blYHO MPUMEHsAEMOH TePMEHOJOTHH
TM0Jl «NePEX0JIOM TEIJIOTH B PaboTy» celyeT NOHMMAaTh nepe-
X0Ji BHYTPEHHER SHEPrMH HEYNOPSAOYEHHOro ABHIKEHHH yac-
THI[, B SHEPrHI0 ynopsipoueHHoro aBwxenus rtea (I11.4.3.3°).

4°. Tpemuil 3aK0H mepmOOUHAMUKYU DPACCMATPUBAET IOBE-
JIeHHe TepMoauHaMmuyeckoit cucremel npun T—-0%*). Tperult
3aKOH TEPMOJMHAMUKH NPUBOAUT K HEJOCTHKHUMOCTH a€coJioT-
HOro HyJs TeMmneparypst. s Bcex Ten npu abcoMOTHOM HYJI€
06pallaloTCes B HYJb TEMJIOEMKOCTH W Ko3(hGhUIMeHTh! paciuipe-
nust (11.4.4.1°, 11.7.3.2°, 3°).

*) Crporas ¢opMyJupOBKa TPeThero 3aKoHa TEPMOJAMHAMHKH He
vMoXeT OBITh fala B CHPAaBOYHOM DYKOBOACTBE [0 3JeMEHTapHOR ¢H-
3UKe.
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4.10. Tennosoii ABMrarean

1°. Tenaogbim Osucarmesem Ha3bIBaeTCsi YCTPOHCTBO, KOTO-
poe mpeBpaiiaeT BHYTPEHHIOI) SHEPTHI0 OOBIYHOTO WJH sAep-
Horo (V1.4.12.7°) TonsiuBa B MEXaHHYECKYIO SHEPTHIO. DHEPTHs,
KOTODast BhIAENSETCA IPY CTOPAHUM TOMIMBA WM NPH SAEPHBIX
peakuusix (V1.4.8.1°), nepemaerca nyTeM TemIooOMeHa
(11.4.3.1°) xakomy-nu60 rasy wau xugkoctd. [Ipu pacimmpe-
HHH WX cOBepiuaercs paGora npo-
THUB BHEIIHUX CHA ¥ NPUBOAMTCS HazpeBamess
B JBHXKEHHE KaxkoH-HHOyAb Mexa-
HH3M.

2°, Tas B TensioBOM ABHTaTE-
Jie He MOXeT OecnpefenbHO pac-
IUpAThes, HGO YCTPOHCTBO UMEeT
KoHeuHbie pasMmepst. [lostomy yer-
pOMCTBO JOMKHO OBITH TaKHM,
yTOGBI [IOC/Ie PACIIHPEHHUS a3 GblT

Gbl CHOBA CXKAT J0 NEPBOHAYAND- 7

Horo o6bema. TenoBoi ABHTaTeNb X‘W;ﬁ‘j’}"””"
JOMKeH paboTaTh UMKJIMYECKH: B Z
tegenue nukaa (11.4.7.1°) mocae Puc. 11.4.5

paciinpeHus clefyer cxatue rasa.
PeasibHbie TEIIOBbIE ABUTATeNH PaGOTAOT MO PasSOMKHYTOMY
IUKJTY: MOC/]e PaclIMPeHUs ra3 BHOPACHIBACTCSH, M CIKUMAETCH
HoBasi nopuus. TepmopmHamuueckue -npoueccst (11.3.2.1°),
[IPOHCXOSIIYE B TEMJIOBOM JBUTATENE, MOLYT GbITb PAacCMOT-
peHbl B 3 aM K H Y T O M IHK/Ae, KOrja PAaCUiUPSIETCST H CIKK-
Maercsi O/lHa M Ta e Nnopuus rasa.

3°. Pa6ota paciuupeHus rada B Te4eHHe OJHOTO UHKJIa A0/~
Ha NpeBHILATb PabOTy CKATHS, KOTOPYIO COBEPILAIOT Haj raszoM
BHEIlIHHE CHJIBL. 3TO YCJIOBUE HEOOXOAUMO AJS TOTO, YTOGH ABH-
rarejb MOI COBepUIATH moJe3nyio pabory. Temneparypa rasa
HPU ers CKaTUH JO/XKHA ObITH HHMKE, YeM NPH paciinpeHuu,
Torga jaBneHHe rasa BO BCEX MPOMEXKYTOUHBIX COCTOSTHHSIX
npu ckatud OyZeT MeHbille, 4eM MPHU paclIMpeHuH, u Gyaer
BLIIOJIHEHO YCOBME, HeoGXOAMMOe AJl COBEPLIeHHs BUraTe-
JIEM HOJe3HOH paloTHl.

4°, JioGoft TensioBOH ABUrartesnb, HE3ABUCHMO OT €ro KOH-
CTPYKTHBHBIX OCOOEHHOCTEH, COCTOUT M3 TPEX OCHOBHBIX YacTel:
paGouerc Tena, Harpesarels U XoJaojuabHuKa (puc. 11.4.5).
PaGouee Tteno — ras wau mnap (11.5.1.1°) — npu pacummpe-
HHMUM coBepuiaeT paboTy, NoJaydyasi OT HarpeBaTestss HEKOTOPOe
KOJHuecTBO TemnoTh Q;. TeMmneparypa T, Harpesareis OCTaer-
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cA npH 3TOM NOCTOSHHOA 3a cuer cropaHua Tomausa. Ilpu
cxKaTuu pabouee TENO NepelaeT HEKOTOPOe KOJHYECTBO TENs0-
TH Qp XOJNOIUALHKKY — TeJy NOCTOSHHOH Temneparypul T,
MeHblel, ueM T,. [laBneHue rasa npu cKaTuu HUXKE, 4EM NIPH
paciIypeHny, U 370 ofecrneynBaeT NoOAE3HYIO paboTy ABHIATENs]
(m. 3°). XONOAHJBHRKOM MOMKET CHYKHTh W OKpy»Kamowwas
cpena (Osueamenrt 6HYymMpeHHe20 CeOPQHUS, DeaKmusHsle 08uU-
eameau). KosaddHLHEHT MOJe3HOro ACHCTBHA TENJIOBOTO JABH-
raTens BBUMCAsIETCS 1o ¢opmyse, npusenenHoit B 11.4.8.2°,

4.11. XoaonuJbHasi yCTaHOBKA

1°. Xoa00uaeroll ycmaroskol Ha3bIBaeTCsl LMKJIHYECKH
JefcTBylOmee YCTPOHCTBO, KOTOPOE MOALEPKUBAET B XOJO-
JUJbHOH Kamepe TeMmepatypy 6oJiee HU3KYIO, YeM B OKPyKalo-
medt cpepe. D10 ocywiecTRAdETCS

Hazpemoe meso TyTeM Nepexo/ia HEKOTOPOTO KOJIH-
/”/’”’””4””/";/>r YeCTBA TEMJIOTH OT XOJOJHOTO Te-
X _ 174 na X Teny ¢ 6ojee BHICOKOH TeM-

neparypoii. Takol nepexon He
NPOTHBOPEYHT BTOPOMY Havyandy
tepmonuHamMukn  (11.4.9.2°), wu6o
3TOT TIEPEXOJ TEMJIOTH He SBJIsSeT-
€ €JMHCTBEHHLIM NPOIECCOM.
TlporcxoauT  KOMIEHcHpyomui

—~ npouecc (11.4.9.3°) mpeppaiuenns

Avrsdumnas MEXaHUYECKO! 9HePTHH OKpYyXKaio-

haweps . IMX Tes BO BHYTPEHHIOW SHEPTHIO
4 HarpepaTess.

Puc. 11.4.6 2°. CxeMma npeoGpasoBaHus

SHEPTHH B XOJNOAMJBHOH ycTa-
HOBKe noxasana Ha puc. [1.4.6. [1pu uzorepmuueckom pacuu-
PEHNH, TPOHCXOASILEM NpPH TeMOepaType XOJOAUNBHOH Kame-
pt Ty, pabouee Tes10 coBepiaeT paGoTy ¥ NMOIJIOWAET NPH STOM
OT XOJOAWILHOH KaMephl KOJHYeCcTBO TemsoTH Q.. IlpH nzo-
TEPMHYECKOM CKATHH pabouero Teja, KOTOPOE IPOUCXOJMT
npu Gonee BLicoKo# Temneparype Ty HarpeBartens (aTmMocdepsi),
NOC/Ee/IHEMY NepefaeTcs KOJHUYeCTBO TemIOTH Qy. 310 mpouc-
X0AMT 3a cueT paboThl BHEWHUX cuJa. Ileperon paGouero Tena
U3 COCTOSIHMA ¢ Temneparypoil T; B COCTOsIHHE ¢ TeMnepartypoil
T: n o6paTHO OCYIIECTB/SETCS NPOLECCAaMH ainabaTHyecKoro
pacmmpenysa (npy 3ToM TeMmneparypa mapaetr ot Ti o T,) u
apnabaTHyeCKoro cxkartus (IpH 9TOM TeMmnepaTypa pacTer or
T, no Ty).
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3°. Pa6ouuM TeOM B XOMOAMJIBHOM YCTaHOBKE CJIyXaT
OCBIUHO napbl JIETKOKHNAMX MKHUAKOCTEH — aMMmuaka, ¢peo-
Ha M T. 4. DHeprus NOABOJAMTCA K YCTAHOBKE OT 3JEKTpHYyec-
KOH ceTH. 3a cyeT 3Tol 3HepPTrUH NPOUCXOANT «TIEpeKauKay Tell-
JIOTHl OT XOJIOAKJBLHOH Kamepsl K 6oJiee Harperomy teny —
K OKPYXKalllel cpefe.

4°. B Xos0auJIbHOH YCTaHOBKE CKaThe pabouero tena npo-
UCXOMUT TpH GoJiee BEHICOKOl TeMmepaType, ueM paciinpenue,
W paGoTa BHEIIAMX CWJI TpH cxKatum A, Goabue, uem pabo-
Ta paciuupeHusi pabouero Tena Ag,ey. 3@ LMK BHEIIHHE CUJIBL
COBEPIIAIOT MOJIOKHTEIbHYI0 padoTy:

Aeneum = Acm—Apacm = Qi'_ Qz'

X0r00urbHbiM KOI(DPULUermOM YCTAHOBKY Ha3BIBAETCS OT-
HOIIEHHE KOJMYeCTBa TEeIJICTH, OTHATOIO 33 LMK OT XO0J0-
JUJEHOH KaMepbl, K paboTe BHEMIHUX CHJL:

P Q

ABHEU]H - Ql"—QZ )

Hs BTOPOTo 3aKOHA TEPMOAUHAMUKH CJIENYET, UTO

b 2

S Ty—Ty'

3HaK paBeHCTBa OTHOCHTCS K 06PaTHMOMY LMKJAHYECKOMY IpO-
1EeCCY B XONOAUJBHOH YCTaHOBKe, 3HaK HEPaBEHCTBA — K He-
o6paTUMOMY: ueM MeHbiue pasHocTh Ti—T,, Tem MeHblie He-
00XOA¥MO 3aTPaTHThb MEXAHHUYECKOH HJIN 3JEKTPHUECKOH 3Hep-
FHH JJ1S «TIEPEKAYKH» TEIVIOTH OT XOJOAHOIO Tesla K ropayemy.
Xonoaunbnulil Kosddunuent mMoxer 6uTh Gomwme 100%, B TO
BpeMd Kak K. Il. Ji. TEIJIOBOTO JBUTATeNs] BCeTAa 3HAUUTENbHO
menbine 100%.

5° Xoa0AHJIbHAS YCTAaHOBKA MOMKET GbITh HCIO/Ib30BaHA KaK
menaogoll Hacoc Aas oronneHus. Ilpu 370M 31eKTposHEprus
UCToJib3yercs AJig TOro, 4yroObl TIPHBECTH B JAEHCTBHE XOJO-
AWIBHYIO YCTAaHOBKY, B KOTOPOil HarpepaTteseM sIBJISIETCS OTall-
JHBaeMoe MoMelleHne, a XoJOAUNbHOH KaMepol — HapyxHas
atmocdepa. Ilpn sroM oransuBaeMoe NOMelleHHE NOJyYaer
Conblllee KOJMYECTBO TENJIOTHI, YEM €ro BhJeJseTcs NpU He-
NOCPEACTBEHHOM NPeoOpPa3OBaHMM JIEKTPHUECKOH SHEPIHH BO
BHYTPEHHIOID SHEPIHI0 Harpesatesiel THIA 3JIEKTPOneueH,
3JEKTPONJIUTOK U T. .
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Faraogsa 8

B3AKMHBIE NMPEBPAIEHH S )XULKOCTEH
H TA30B

5.1. Henapenne xuakocre

1°. IlapooGpagosaruem HaspiBaeTcsi MPoOIECCe NEPEXoia Be-
IIECTBA U3 XKHIKOI0 COCTOAHUA B razoo6pasnoe. [TapooGpazoBa-
Hue, -MPOUCXoAAIEe NPy MoOOH Temneparype co CBOGORHOM
MOBEPXHOCTH KHAKOCTH, HasbiBaercss ucnapetuem. COBOKyN-
HOCTb MOJIEKYJI, BBIJIETEBILHX H3 JKHIKOCTH OPH 1napoobpasoBa-
HMH, HasbiBaeTcs napom faHHo#t Kujpkoctu., OBpasopanHe napa
NPOMCXOAHUT HE TOJNBKO Yy KUJAKOCTEH, HO U y TBEPABIX Tel
(11.7.4.8°).

M3 noBepXHOCTHOTO C/IOS MUAKOCTH BBUIETAIOT MOJIEKY/Ib,
KOTOpbIe 06/1aal0T HauboMblIed CKOPOCTbIO M KHHETHYEeCKOMH
3Hepruedl TemJoBOro, XaOTHYECKOro [BUMEHHS, I03TOMY B
pesyJibTare HUCMNAPEHUS KUIKOCTh OXJIAMKJAETCH.

Mepoli mnpouecca napooGpaszoBaHusT ABAFETCS CKOPOCHSb
napeobpasoearus — KONHUYECTBO KHIKOCTH, MNepPexoisdiuedl B
nap 3a efVHHIy BPeMEHH ¢ ejWHUUB MJIOHLAJH IOBEPXHOCTH
WHUAKOCTH.

2°, OxnaxeHne NPy UCnapeHun KUAKOCTelR umeer 6obiioe
ApaKkTHUecKoe 3HaueHwme. Hanpumep, npu nepesoske CKOpo-
HOPTAIUXCS OPOAYKTOB JJI OXJAM/JEHH BATOHOB B chie-
I{MaJbHBIX YCTPOACTBAX HCHAPSIOT MUAKHMH AMMHAK WJIH KHL-
Kyi0 JABYOKHCb yriepoja. HcrapeHwe XHAKOrO aMMuaxa B
3MeeBUKAX XOJOAU/IbHHIX YCTAHOBOK HCHOAB3YETCH /s NMOMAY-
YeHUs JbAa. 3MeeBHKH [POXOJAT Yepe3 pacTBOP COJMH M OX-
JaxAaoT ero wuxke 0 °C. B pacrsope cosu nmomemaroTcst Gopmsl
H3 ANCTOBOH cTanH, HanoJHeHHbie Bogofl. Kycku spja obpa-
3YI0TCSI B 3THX (hOpPMaX, OMBIBAEMBIX OXJIaiKJAEHHBIM PACTBOPOM.

5.2. Hachimawuuii (HaceluieHHBINH) nap

1°. Ecain npouecc napoo6pasoBanus (11.5.1.1°) npoucxonur
B 34KPbITOM COCYy/le, TO 110 HCTEYeHHH HEKOTODPOro BPeMEeHH
KOJMYECTBO MMAKOCTH [1epectaer yOBIBaTb, XOTH MOJEKYJbi
XKUAKOCTH, CNIOCOBHBIE MOKHHYTD €€ MOBEPXHOCTD, NIPOAOIHKAIOT
nepexoauTh B map. B aTOM caydae, HapsAAy C MPOLECCOM Mapo-
06pa30BaHKs, NPOUCXONMT KOMMEHCHPYIOWIMH ero obparHbii
npoLece KoHuleHcayuu — NPEBPAIEHHsT flapa B KHAKOCTh.
Cropocmb KoHOeHCayuY OTIPENENsieTCsl YHCA0M MOJIEKYJ, nepe-
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XOASIIHX M3 Iapa B XKHAKOCTL gepe3 €IMHMIY IWIOmMAfH Mo-
BEPXHOCTH XHAKOCTH B €AMHHIY BPeMeHH.

2°. Yepes HeKOTOpoOE BpeMsi B 3aKPHITOM COCYje ¢ HAXOXd-
lefics B HEM JKULKOCTBIO Hacrynaer Juuamuueckoe (nodeudc-
HOe) pasHogeCue MeXAy npoueccaMi napoo6pasoBaHHs H KOH-
JI€HCAlHN: CKOPOCTb napooGpasoBaHysl  CTAHOBUTCA pPaBHOK
CKOPOCTH KOHZieHcanuH. C aTOro MOMEHTA NEPECTaoT MEHATCA
KOJIMYECTBA MHUAKOCTH M HaXOAsLierocs
Haj Heil napa. 4

3°. Iap, Haxopsimufics B COCTOSHHH Py
AWHAMHYECKOTO paBHOBECHs CO CBoeil
MUAKOCTbIO, HA3BIBAETCS HACHUYQIOU4UM

(Hacouyennoir) napom. JlaBnenwe Ha- ras
CHILIAOMEET0 (HACHIIEHHOTO) fnapa p,

3aBHCHT TOJBKO OT €r0 XHMUYECKOro coc- s
e e

TaBa ¥ TEMIIEPATyphl ¥ HE 3aBUCHT OT Be-  J T

JIMIAHBL CBOOOJHOrO OT KHJAKOCTH 00be- Puc. 11.5.1

Ma coCyRa, B KOTOPOM HaXOAHTCA nap.

HesaBucnmocTe p, OT o6beMa OOBACHRETCH TEM, 4TO LPH
YMEHBUIEHHH 06beMa HacHILEHHOTO napa Bce GOMbliast yacTh
napa nepexoiuT B KHAKOCTb. Ho 3TO He HapywaeT avHamu-
YECKOTO PABHOBECHS MEXAY NAapOM M XKHWAKOCTHIO BIJIOTH A0
MOMEHTa OKOHYaHHsi KOHJEHcaluu napa.

4°, JlapsieHne HACHILIAIOIETO (HACHILEHHOTO) napa GHICTPO
BO3pACTaeT € yBeanuenuem ero temneparypwl. Ha puc. I11.5.1
npusefenn rpaguxy sapucumoctyt p (T) LAsl HACHIEHHOTO napa
1 p (T) past HaeanbHOTO rasa NPH NOCTOSTHHOM oGheMe.

5.3. Kunenne

1°. Kuneruem HaspiBaeTCsi IPOIECC HHTEHCHBHOTO Hapoo6pa-
30BAaHUA He TONbKO €O ¢BOGOJHOH NOBEPXHOCTH, HO U 110 BCEMY
06beMy XKUAKOCTH BHYTPD 06pa3yOIuBXCs NPH 3TOM NY3HIPLKOB
napa. Japnenue p BHYTpH ny3hipbKa onpepedsiercs GopmyJiol

2
p=Ppo+pgh+3

TLe p, — BHELIHEE AaBJeHNe, pgh -—— IMAPOCTATHUECKOE AaBJe-
nve (1.6.2.2°) BbumenexamMUX CJI0€B KHAKOCTH, 20/R —
JIONOJIHATETbHOE NaBJieHyie, CBA3aHHOE € KPHBH3HOH NoBepx-
Hoct nysupbKa (11.6.2.4°), R — paguyc nysupbKa XHJIKOCTH,
h — paccrosiHMe OT €ro LeHTpa JO NOBEDPXHOCTU JKUAKOCTH,
P H 0 — IVIOTHOCTb H KO3(h(UIMEHT MOBEPXHOCTHOIO HATHKeE-
HHA xuakoctd (11.6.1.3°).
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2°, KuneHue xUAKOCTH HAUKHHAETCS NMPH YCAOBHH, YTO
20
Pu 2= Po+08h + 5,

rle p, — JAaBjieHue HacouienHoro napa (I11.5.2.3°) BHyTpH
nyseipbKa. Ilpi Mmansix R jaBjieHue p, JOCTATOUHO BEIHMKO, H
KHMIICHHE TPOHCXOIHUT NMPH CPABHUTEBHO BBICOKHX TeMIepary-
pax. Eciu B KHAKOCTH HMEIOTCH YeHmpbl RApooGpa308aHus
(MBITMHKY, NY3bIPbKH PACTBOPEHHHIX Ta30B K T. I.), TO OGBLIYHO
26/R<€p,y, ¥ KulleHHE HAYHHACTCS IPU MEHBLINX TeMIEepaTy-
pax. Ecnu pgh<p,, TO yc/i0BHe KUNEHUS NPUHAMAET BUJ
P & Py

3°. Temnepamypoli (moukol) KuneHus Ha3LIBAETCH TeMIle-
patypa KUAKOCTH, TPH KOTOpO# JaBJeHHE €e HACHILEHHOTO
napa PaBHO MJIM TpeBHIAeT BHElIHee AaBjaeHue. Temmneparypa
KHIIeHHsT MOBHINAETCA C POCTOM BHEIUHEro JABJEHHsl U MOHH-
JKaeTCsl 1P ero yMeHbeHHH. DTO BBITEKAET U3 yCI0BHA KHIe-
Hus. Tlpn yBenuueHuu p, Bo3pacTaer p,, HeOOXOAHMOe AJIA
BO3HUKHOBEHUSI KHIIEHHHA, a4 3TC BO3MOXKHO JIMIUb NpH GoJee
Bbicokoii Temneparype (11.5.2.3°). Pasnuuile Touek KuieHHs
Pa3HBIX KUAKOCTEH CBA3AHO C TEM, YTO Y PA3HBIX XKHAKOCTEH
HEOJUHAKOBO p, 'PH OJHOH u TOH e TeMueparype. UeM Bhiuie
JiaBJIeHHe HACHIIEHHOrO Napa, TeM Bhllle TOYKa KHIIeHH.

[TyseipbKky rasa, HMeloKHecs: BHYTPH XKUAKOCTH, 3aMONHEHE
€e HaChlIEeHHBIM napoM. [1py MOBLIIEHHH TEMOEepaTypsl XKuj-
KOCTH JaBJieHHe [apa B nNy3bIpbke BO3PACTaeT U ero o0beM
yBennuuBaercs. Britalkusamomas apxumenosa cuaa (1.6.2.3°%),
JefiICTBYIOIas Ha NY3LIPEK, BO3pactaeT ¢ POCTOM ero ofbeMa,
Tlon meficTBreM 3TOH CHJIBL IIy3bIPEK BCIIBIBAET U, APH BBINOJ-
HEHMU YCJOBHSL KuIleHHA (1. 2°), Jonaercsi, BHGpaceBast map.
OueByAHO, 9TO NpPH BO3PACTAHHM p, Bech 3TOT mpouecc 06-
Jieryaercsi M COOTBETCTBYIOLLAS MKUIAKOCTb KHOMT npu GoJee
HH3KOH Ttemneparype.

4°, Ecnu B ULKOCTH HET NY3LIPHKOB, HEOBXOAHMMBIX I
NPOMecca KUMEHHA, TO MOXKHO Meperperb XUAKOCTb A0 TeMIe-
paTyput GoJiee BLICOKOH, 4eM TOYKA KHIEHHS NpU JAHHOM J1aB-
JeHud. BosHuKaoulee Npyu 3TOM HeyCTOHUYHBOe (MeTactabuJb-
HO€) COCTOsIHME XAPAKTePHO Ais nepeepenoid scudxocmu. Tle-
PerpeTyio  KHAKOCTb MOXKHO TMOJYUUTb, €CJAH YMEHBIIHTb
BHE(lIHee JaBJeHHe Ha XKUAKOCTb HacTOJBKO, YTOGBEI OHO CTaJIo
MeHblIe JIaBJIeHHs HACHIIEHHOTO [apa [pY JaHHOH TeMmnepa-
Type U Gb110 6Bl HapyeHo ycaoBue KuneHus (n. 2°). Hapymue-
HHE MeTacTabu/IbHOrO COCTOSIHUA IeperpeTofl XHAKOCTH BBI3HL-
BaeT ee OypHOe. KUEHHE.
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5°. B npolecce KWMeHus TeMNepaTypa MHIKOCTH OCTAETCH
NOCTOSTHHOH, eclM He H3MeHseTcsl BHEIIHee JaBJIEHEE P
(n. 1°). KonnyecTBO TEnAOTH, KOTOPOE H3BHE HOABOAMTCA K
KHAKOCTH, pacxopyercsa Ha napoobpasoBanne (11.5.1.1°) u pa-
60Ty BHEWHUX cus. KosuuecTBO TENnJoTH 7., He0OXOAUMOE IS
npeBpaleHusl B nap €IUHUIBL Macchl XUAKOCTH, HAIpeToH 10
TeMIepaTyPel KHMEHNsA, HasbiBaercs ylessHold menaomoti na-
poobpasosarusn. V3 3aKoHa COXpaHEHHSA SHEPTHH CAERYET, HTO
npH o6paTHOM NPOIECCe ~— KOHAEHCAINY Napa B XHIKOCTb —
BLIAEJISIETCA KOJHYECTBO TEIJIOTH, PAaBHOE 1.

6°. Ecau Kunenye JaHHOM XUAKOCTH NPOUCXOAUT Npu Gosee
BEICOKOH (WJIM HU3KOH) TeMneparype, TO BeJIMUMHA fy  YMEHb-
waercs (WM YBeIUYHBAETCS). ITO CBASAHO C 3aBUCHMOCTHIO
LAaBJIEHNsi HACHLIIEHHOro napa ot temnepatypw (puc. 11.5.1) u
ycaoBreM KuneHus (n. 2°). IToBhunenyie Wip NOHMKEHNE TEM-
nepaTypel KHMOEHWSl 3a CYeT YBeJMYeHMS WJIH yMeHbIIeHHA
BHEUIHETO JAABNEHHS NPHUBOANT K YMEHbIIEHHIO WM yBeanue-
HHIO TOTO KOJMYECTBa TEMJAOTHI, KOTOPOE HEOOXOAHMO COOCIIUTD
eAMHYILE MacChl XKMAKOCTH JijIs1 IPEBpalleHns ee B nap B ycJjo-
BUSX KHNEHHA.

5.4. U3oTepma napa

1°. Tlap Ha3sbiBaeTCsl HeHaCLUUAIOUWUM  (HEHACOLLEHHOIM),
€C/IM ero AaBjieHHE MEHbIIe AaBJEHHS p, BaCHIIEHHOTO napa
npu LaHHOH TeMnepatype. JlaBJjienyne HeHaCHIEHHOrO Napa 3a-
BHCHT OT €ro ofbema: npu yMeHblneHUn ofbeMa JlaBleHHe yBe-
JIMUHBAETCs, a IPY yBeJIHUeHUH ofbeMa — yMeHblIaerTcs.

2°. Hsomepmoili napa Ha3biBaercsi KpHBas 3aBHCHMOCTH
J\aBJIeH}s p Napa OT €r0 YAeJbHOro ofbeMa v NPH HOCTOSHHOH
Temneparype. OO BHJ H30TEPME! mapa u3obpazKkeH Ha pHc.
[1.5.2. Vuacrok 0—1 cOOTBETCTBYeT HEHaCHIIEHHOMY mapy,
y4acToKk [—2 — HaCbIIeHHOMY Napy W y4acTok 2—-3 — XuA-
KOCTH. YMeHblas oOOGbeM HEHACBIIEHHOTO napa, MOXHO
NPUBECTY €ro B COCTOsIHME HachieHus (Touka /). [1pu janpueit-
€M yMeHbIUeHHH o0BeMa (yuacTok I—2) jaBlieHHe HachleH-
HOrO napa He W3MEHSIETCHl; YacTh ero NEePeXOfHUT B IKHIAKOCTD,
M B TOYKe 2 BeCb Nap NOJHOCTbID KOBJEHCHPYeTcs. Y MeHbie-
Hle 06bEMA KHUAKOCTH Ha yyacTKe 2—3 TpebyeT 3HaYNUTeNbHOro
YBEeRNUEHNS JaBJC€HUS B CBf3H C MaJloil CXKUMAEMOCTBIO KMJA-
KOCTeH,

3°. Tlepexos HeHACHIEHHOTO Napa B COCTOSIHME HACHIUEHHS
MOXeT ObITh OCYILECTBJEH HE TONBLKO €TI0 H30TePMHUECKHM CKa-
THEM, HO M CHHXXEHHeM Temmnepartyprl. HeHacwuilenueiit map,
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fIRPEXOAA MPH 3TOM B COCTOSHHME HACBIIEHHOTO, YACTUYHO 00-
pamaercs B XUIAKOCTh, DTUM OOBACHSETCS 3aII0TEBAHIE X001 -
HBIX IPEAMETOB, BHECEHHBIX B TCIVIYIO KOMHATy, 06pasoBaHue
TyMaHda, pocel U T. A.

Hsorepma 3—»+?— [0 MoxeT paccMaTpUBaThCsl Kak KpH-
Bas HENPEePLIBHONC NEpeXofia XKUAKOCTH B COCTOSIHUE HEHAChI-
LeHHoro napa. Ilepesof napa U3 HacHIUEHHOTO B HEHACHILIEH-
HOE COCTOAHHE MOMET OCYWECTBAATHCA HE TONbKO H30TEPMU-
9ECKMM . paclidpeHdeM, HO M IOBbHUCHHeM TeMrepartypsl. He-
HACBHUIEHHBI Tap, NMoJy4aeMblil nyTeM neperpesa HaCHILEHHOTO
{HachIAIOUIEr0) napa, HA3LIBAETCS nepe2pemoim Napom.

Puc. 11.5.2

Tlpy MelyieHHOM H30TEPMHYECKOM CXKAaTHH B OTCYTCTBHE
OBLUIMHOK, HOHOB M JAPYTHX UEHTPOB KOHASHCALUH MOMXKHO
MONYUUTD nepecoiuerHol nap, laBienue KOTOPOro npesbliaeT
JaBjleHHe HACBHILICHHOrO mMapa npu NAaHHOH Temneparype.

4°, Msorepmbl, NOCTpOEHHBIE MPW pa3/IdYHbIX, Bce Gosee
Boicokux temneparypax Ty, T, Ts (Ts>T>T,) (puc. 11.5.3),
TIOKa3bIBAIOT, UYTO COCTOSIHME HACBUIEHHOrO [apa [oJdy-
yaeTcs MpH BCe OoJiee MaNBIX YAEAbHBIX O0beMax 1apa:; Uy<<
<U,;<{¢;. DTO OOBACHAETCHA TeM, YTO C POCTOM TeMMeparyphl
6LICTPO BO3pacTaeT JaBJEHHME HACHULUEHHOTO fapa U JJs TOro,
uToGbl JABJIEHHE HEHACHULEHHOTO MNapa CPaBHANOChL C HHM,
HY3KHO 00beM mapa yMeHbilHThb. [losiHast KOHAeHcaUHus napa ¢
POCTOM TeMiepaTypbl NpPOUCXOAMT npu Oodbmux obbeMax:
v3>U3>v;. TIpHuMHON 3TOro SIBJsIETCS TEMJIOBOE paciiipeHue
xuaxocredt (11.7.3.3%), koropuie npu Gosiee BLICOKO TeMnepary-
pe 3aHuMaloT 6ObIIHE 06DbeM.
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5.5. KpuTHuecKoe cOCTOsIHHE BENiecTBa.
Cxunxesre rasos

1°. Vs puc. 11.5.3 BHaHO, uTO IpH MOBBHUEHHH TEMIEpaTy phl
YU4CTOK HACHIIEHHOrO napa (TOPH3OHTaJbHBIA YUYacTOK M30-
TepPMEI) YMeHbluaercsi; Npu Hekortopol Temneparype Ty, Ha-
CBHILIEHHOTO mapa He obpasyercsi. Temneparypa T, npu Ko-
TOpOfi PasHOCTb YAENbHBIX OOLEMOB HACHILEHHOIO napa M
MKHAKOCTH CTAHOBHTCSI PaBHOH HYyJ/IO, Ha3bBAeTCst Kpumuuec-
xod memnepamypod. TOPH3OHTAJBHBIN YYaCTOK M30TEPMBI NPH
3ToM ofpaluaercs B TOUKY neperunba p
K (kpumuueckas mouxa). D10 npoKc-
XOAWT IPH ONpeAeNeHHOM JaBJIEeHHH
Pup U YAETLHOM oObEME Uy, Hashl-
Baembix BMecte ¢ T, kpumuueckumy Py ~~"""7"
napamempamu. COCTOSTHHE BeuleCT-
Ba, XapakTepuayeMmMoe KPHTHUECKHMH

= i1,

1}
1
H
i
]
I
BAeTCH KPUNUYECKUM COCIOSHUEM. g T T

napaMeTpamMu  pPy,, Uypy 1yp, Ha3H- - -
2°, C poCcTOM TEMNEPATYPH IJIOT- Puc. 11.5.4

HOCTH HACHIEHHOTO NapaH ero Aa.-

menue 6uictpo  BospacratwoT (11.5.2.4°), TlnorHocTs KEAKOC-
TH, Haxojsuielics B AWHAMHYECKOM paBHOBECHH CO CBOMM
napoM, yOuiBaeT npy NOBHILIEHHH TEMIIEPATYPHl 34 CYET TenJo-
Boro paciunpenus xuakocru (11.7.3.3°%). Tpaduku saBucuMocTH
OT TeMNEPaTypHl MJOTHOCTEH HACHILEHHOTO Napa M MUAKOCTH
nepeceKaroTcsl B KPHUTHUeCKOH TouKe c TempepaTypoil Ty,
(puc. 11.5.4). B kpuruyeckoil Touke MAOTHOCTb XKHAKOCTH PaB-
Ha IJIOTHOCTH HACHILEHHOTO I1apa, HaXOAfAI1eT0Cs B PABHOBECHH
C KHUAKOCTBIO.

3°. lpu T—>T,, cTHpaercs pasanuunHe MEXAY XHIKHM H
razooCpasHuM cocToanuamu Bewecrsa. [lpn T=T,, obpama-
ercst B HYJb yjelbHas Temnora napoofBpasoBannsi (11.5.3.5°)
N KODpUUMEHT MNOBEDXHOCTHOIO HATSXKEHUSA  KHUAKOCTH
(II. 6.1.3°).

4°. Tlpn temneparypax T>T,, naxe npu oueHs GOJNBLIIHX
JaBJI€HHAX HEBO3MOXKHO NpPeBpaileHHe rasa B xHUAKocTb. [lpn
CBEPXKPHTHYECKHX TEMnEpaTypax BO3MOXKHO TOJNBKO Napool-
pasHoe COCTOsTHHE BelNecTBa.

5% Corcugicerue 20306 — NPeBpPALEHHE HX B XKHUJKO0E COCTOS-
HHE — BO3MOJKHO JIMIlIb TIPH TEMNEparypax HUKE KPUTUYec-
Ko#i. JIns rasoB ¢ KPUTHUYECKOHM TeMneparypoll nopsjka KOM-
Hatnoit u Bewe: NHj (4,=132 °C), CO; (f,,=31,1 °C), Cl,
(fp=144 °C) u np.— cHuXKEHHE TeMnepaTypnl Hume T, H
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MOC/IGAYIOee U30TEPMHUUYECKOe CKaTHe He NPEeACTABJSIOT 0CO-
6bIX TPYRHOCTEH.

6°. Jlnsa cxkedkeHHs Fa30B ¢ HU3KOM KPHUTHUECKON TeMmmepa-
typoit: O, (t,=—118 °C), N, (t,,= —147,1 °C), H, (f,,=
=-—239,9 °C) u ocoberno He (f,=—267,9°C) — neobxonumo
ray6oKkoe oxsaxkacHue. B ocHOBe 0HOrO U3 METOA0B, OCYIECT-
BJASEMBIX B XOJOAWJBLHBIX MallMHAX — AETaHAepax, JIEWHUT
OXJIasKleHYe ra30B [IPY COBEpPIIEHHH UMU MoJje3Hoit paGoTel. I'a3
anpnabaTHYECKU pacIIMPAETCsH, U 3TO CONPOBOKAALTCS OX/IaXKAe-
HueMm rasa (11.4.5.4°).

B.6. BaaxHocTb BO3RYXa

1°.  A6comomnoti  sramcHocmoio  6030yxa f HashiBaeTcs
Macca BOJSIHBIX IapoB, cofepaauiuxca B 1 M® Bo3ayxa npu
JAHHBIX YCIOBHsX. 3HaueHHe f OLleHHBaeTCs O MJIOTHOCTH BOAS-
HOTO napa B Bosayxe. O6piuHO ee Bepaxaior He B CH, a B r/m®:

f = Pnap (F/Ma)'

B wmereoponorun afco/moTHAas BJIXKHOCTb OLEHHBACTCS
10 JaBJEHUI0 BOAMHOTO Tapa, BHIPAXKEHHOMY B MHJIJAHMETpax
pryTHOro cronba: f=p (MM pr. ct.). [Ipu KOMHATHBEIX TeMiepa-
Typax (T~300 K) p (mm pr. c1.)=p (/™).

2°, OmuocumersHol 8AaNCHOCMbI0 8030yxa r Ha3biBaeTcs
OTHOIEeHHe a0COJIOTHON BJIAXKHOCTH K TOMY KOJHYECTBY BOJIS-
HOrO Napa, KOTOpoe HeoGXOAUMO JJ1s HacblieHus 1 M3 BO3ay-
Xa npu gaHHoM Temreparype. M3 npensinymero (n. 1°) creny-
eT, YTO OTHOCHTEJNBHYIO BJaXKHOCTb MOXHO ONpelensirh Kak
OTHOIIEHHE AABJIEHHS BOASHOIO Mapa, COAEPHKallerocs B BO3AYy-
Xe, K JIaBJICHUIO HACHIEHHOro BOASHOTO 1apa npy AaHHOH TeM-
neparype:

r=p/py.

O6b1yHO r<<1 " ee BbIPAXKaIOT B NPOLEHTAX,

3°. Touxoid pocei Ha3bIBaeTcsl TeMneparypa, NpH KOTOPOH
BOASHBIE mapbl, He HaCHILABLIHE paHee BO3AYX, CTAHOBATCH
HACBUILAIOMIUMH. 3Hast TeMmepaTypy BO3ZyXa H ONpeAeuB
TOUKY POCH, PAacCUHTBIBAIOT BJAXKHOCTb Bosayxa. [Ipu aroM
ncrnonb3yercst TabJuLa JaBJeHHS HACHIUICHHOTO BOASIHOIO Ma-
pa npH pa3JUYHBIX TeMIepaTypax.

3apaua. Temmeparypa Bosgyxa B KomHare 20 °C, oTHOCH-
TeJbHas BJaxHOCTh Bodfyxa 60%. Ilpu kaxo#t Temmeparype
BO3/yXa 3a OKHOM HAYHYT 3aN0TeBaTh OKOHHBIE CTEKJIA?

Harno: t;=20°C, r=60%.
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Hadimu: t,.

Pewenue: OtnocutenbHass BRaxHOCTL r=p/p,, Tie p —
JABJICHHE BOJAHDIX I1apOB, HAaXOASIINXCH B BO3AyXE, f, —
JlaBJieHHe BOJSIHBIX [apOB, HACBILAIOWHX NPOCTPAHCTBO UNH
JAHHOH Temiepartype.

[pu 20°C paBnenve HacHILAOmEro napa p,=17,5 MM pr.
cr. (mo Tabnune). [daBienue p=p.r, uau p=17,5-0,6=
=10,5 MM pr. cr.

KonzeHcanus napoB HauHercsi npH TOH TeMnepatrype Bo3-
AyXa, s KOTOPOH JaBiieHye p OyAeT COOTBETCTBOBATh JdB-
JIEHHIO Tlapa, HACHINAIOILIErO NpocTpaHcTBo. M3 Tabauns Ha-
;{0111;1\24,0 é{TO AaBaenuio p=10,5 MM pr. CcT. COOTBETCTRyeT
2= .

F'zas6a 6
CBOMCTBA YXUJKOCTEW *)

6.1. JHeprvs NOBEPXHOCTHOIO CJOS
U NOBEPXHOCTHOE HATSKEHHE KUAKOCTEH

1°. Ha rioBepXHOCTH XHAKOCTH, BOIU3H IPAHHLE], Pa3Aess-
IOlLeH JKHAKOCTD U ee Tap, MOJIEKY Ikl HCIIBITBIBAIOT MEXMOJIEKY= .
JSpHOe B3aWMOJEHCTBHE He TaKOoe, KaK MOJEKYJbl, HaXOAd-
uipecsd BHYTPH ofbeMa XKHJ-
KOCTH.

Monexyna I, OKpyeH-
Has COBCEX CTOPOH APYTHMH
MOJIEKYNAMH TON K€ IKHA-
KOCTH, WCHBITHIBAET B CPE-
HeM O UHAKOBBIE CHJBI IPH-
raxerus (I11.1.4.3°) ko Bcem
CBOYUM COCEAsiM. IJTH CHJIBL  —
B CpEINCM B3aHMHO KOMMAEH- — —
CHPYIOT HPYT IPyra, M HX = — — —  — — —
paBHofeficTByOllAs  paBHa Puc. 11.6.1
Hymo (puc. 11.6.1). Mojeky-

J1a 2 UCMIbITRIBAET MEHBIIIEE IPHUT2KEeHHE BBEPX CO CTOPOHLE MOJIe-
KyJ mapa u GoJibliee NPUTSKENNe BHU3 CO CTOPOHH MOJEKYJ
x)unkoctd. Ha puc. I1.6.1 cuabl NPUTSKEHHS MOJEKYJABI
2 K MOJIeKyJiaM napa IoKasasbl IUTpHXam#. B pesyabraTe Ha
MOJIEKYJIbl, PACIONIOKEHHbIE B NOBEPXHOCTHOM CJl0€, JeHCTBYyeT

*) CBeEeHﬂﬂ O CTPOCHMH H TENJOBOM [ABHXKCHHH B KUJLKOCTHAX
em. 11.1.6.7°, 8°, 0 TelIOBOM pacllupeHHH mupxocred — [1,7.3.3°%,
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1anpapJaeHHas BHU3 paBHozelicTByomas R cui, Kotopyio npu-
HSITO OTHOCHTb K €JHHMIE MJIOMA/LH TIOBEPXHOCTHOTO CJIOM.

2°. Jlns nepeneceHHsi MOJEKYJ M3 I'TyOHHBI o0BbeMa KUA-
KOCTH B €€ INOBEPXHOCTHHIH cN0H HEOOXOAMMO COBEPIHHTL pa-
6oty Ha mpeojonenne cunb R (0. 1°). Dra pabora uzer na yse-
JueHUe nogepxrocimHoll snepeuu. Tak HaszbiBaeTca H3OBITOUHAS
NOTEHIMAJbHEA 3HEPrus, KOTOPOH 06/1ajalT MONEKYJbl B
JIOBEPXHOCTHOM CJICE N0 CPABHEHHIO € HX NOTEHIMAJbHON SHep-
ruefi BHYTPH OCTalbHOro ofbeMa MUAKOCTH.

Joig Toro yto6pl M30TEPMHYECKH YBEIHYHTbL MOBEPXHOCT-
Hb €710 XHAKOCTH 3a CYET MOJEKYJ, HAaXOAfIUXCA B ee
ofbeme, HeOOXOAMMO cOBEpPINTL paGoTy A, paBHyKO

A:(ns'—'nv)N,

rae [1g— poTeHuMasbHasi SHEPTHA OAHOH MOJEKYJbl B NOBEPX-
HOCTHOM cJloe, [], — MOTeHIHa/bHAS SHEPTUS MOJEKYJHl B
ol'beme XKMAKOCTH, N — UUCIO MOJEKYA B TNOBEPXHOCTHOM
CJI0€ KUIKOCTH.

3°.  Koappuyuenmom nogepxHoCmAoe0 Hamsaxcenus (Unn
NOGEPXHOCIMHOIM  HAMANCEHUP M) HUAKOCTH HasbiBaeresl pabo-
1a, HeobXoauMasn JJsi HIOTePMHUYECKOTO YBEJHUEHHs1 NJIOIaNM
NOBEPXHOCTH KUJAKOCTH Ha OIHY €IHHHLY:

AA N
o=3g=Ts—11)) 5 =(Ms—11)n,

Tie n — 4KCJO MOJeKYJ Ha eiNHHUE TIOWAAH TOBEPXHOCTH
YKUJKOCTH.

Ecay TOBEPXHOCTb JKMAKOCTH OIPaHHYEHA IePHMETPOM
cmaunBanus  (11.6.2.1°), To KO3ppHIMEHT TNOBEPXHOCTHOTO
HATSDKEHHA YHCACHHO PaBeH CcuJjle, LeHcTBYIOLieH Ha eAHHHIY
ZJUHBl TIEDHMETPA CMAuMBaHUsI U HaNPaBJICHHOH NepreHAuKy-
JISIPHO K 3TOMY NIEPUMETPY:

F

0= l_ ,

rjie ! — nnuHa nepuMeTpa cMaunBasus, F — CHia NoBepXHOCT-

HOTO HaTMKeHus, AEHCTBYylollas Ha AJauHe ! nepumerpa cma-

uipanus. Cuia NOBEPXHOCTHOTO HATMKCHHS JIEKHT B IJIOC-
KOCTH, KAcaTelbHOH K TOBEPXHOCTH XKHAKOCTH.

4°. CokpaileHue IVIOWAJAN TNOBEPXHOCTH YMEHBINAET e
IIOBEPXHOCTHYIO 3HEPrHI0. Y CJIOBHEM YCTOMUHBOTO DaBHOBe-
CHfl JKUIKOCTH, KaK U Jo6Oro Tesa, sIBAAETCS MHHHMYM IO
TeHLHalbHOH noBepXHOCTHOH suepruu (I.4.3.4°). Dro 3uauwur,
YTQ B OTCYTCTBHE BHELIHHX CHJI XKHAKOCTL AO/KHA MMETh NpH
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8aJlaHHOM O0BEMe HAUMEHBIIYIO IVIOUWAAb TTOBEPXHOCTH M NPH-
HUMaer GopMmy wmapa.

5°. C nOBGLILICHHEM TEeMIIEPATYPHl KHAKOCTH U NpubAnKe-
HueM ee K Kpurudeckoit, npu T—T, (11.5.5.3°), kosddunuent
nosepxHocTHOro HatskeHus 6—-0. Branu or T, Kosdduuuent
0 JMHei{Ho yOblBaeT NPH BO3pacTaHMM Temmepatypol. [las
YMeHbIIEHHST NOBEPXHOCTHOTO HATFMEHHA MKUAKOCTH K Hed
J06aBAAIOTCA CHEUHaIbHBIE NPUMECH, KOTOPbIE DACHOJIaraior-
€A Ha TOBEPXHOCTH M YMEHbLIAIOT MNOBEPXHOCTHYIO 3HEPTHIO
(nosepxrocmuo-axmusowe eeuwecmsa, I[1AB): MBIIO, KUDHbIE
KMCJIOTHL H T. 0.

6.2, CvauuBanue. Kanuanapupie asienus *)

1°. Ha rpanuie conpuKOCHOBEHHS TBEPABIX TEJ C XKHUIKOCT -
MM HABIOAAIOTCS ABJIEHUS CMAYUBAHIA, COCTOALLHE B HCKPHBJIE-
HHUH CBOGOJAHOM MOBEPXHOCTH MUUKOCTH OKOJIO TBEPAOH CTEHKH
cocysa. IloBepxHoCcTb KHAKOCTH, MCKPHMBJIEHHAst Ha rpanuue

NANNANNN

Puc. 11.6.2

C TBEP/bIM TEJOM, HA3bIBACTCA MEHUCKOM. JIMHHs, MO KOTOPOH
MEHHCK [E€PECeKaeTCsl ¢ TBEP/IbIM TEIOM, HA3BIBAETCH nepumemn-
POM CMA4UBAMHUA.

2°, SIBJieHHe CMAUMBAHUA XaDAKTEPU3YETCH KPAebiM Ue-
A0M & MexAy TIOBEPXHOCTBIO TBEPIOrO Teda U MEHHCKOM B
TOYKAX HUX MEepeceueHns, T. €. B TOUKAX NepUMETPa CMAYHBAHU .
JKHAKOCTb HA3bIBAGTCA CMa4usaroweli TBEPAOE TENO, eC/U Kpae-
BO# yroa octpuiit 0<{9<<n/2 (puc. 11.6.2, a). Hanpumep, Boxa
CMa4MBAeT YHCTOE CTEKJIO, PTYTh cMayuBaeT UMHK. [as xun-
KOCTeH, He cmauusarouwiix TBEPAOE Tejo, KpaeBoH yroa Tynoil:
n/2<<8<m (puc. 11.6.2, 6). Hanpumep, Boza He cmauuBaer

*) SIBieHHs paccMaTpHBAIOTCA HAA NpoCTedinero cayuas, KOra
MOXHO TipeHeGpeub CHJIAMHM B3aUMOACHCTBUS MeX/]y MOJEKYJaMH XKHJA-
KOCTH H rasa, Haxojsllerocs Haj XHIKOCTbIO,
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napabuH, pTyTh ne cMauuBaer uyryH. Ecan 9=0, cuauusanue
currtaercsl udeadbHoim; $=n COOTBETCTBYET uOeaitHOMY He-
cmanusardro. Tipn $=0 u U=n pabmopaercst chepuyeckas
(opMa MeHuCKa, BOTHyTas WM Buinykaas. [1pu $=m/2 xuz-
KOCTb MMEeT IVIOCKYIO CBOGOIHYIO MOBEPXHOCTb. JTOT cayyait
HAa3bIBACTCH OMCYMCMBUeM CMALUBAHUS Vi HECMAYUBAHUSAL.

3°. Paziuuue KpaeBHIX YIVIOB B ABJEHWSX CMauyMBAHUS H
HeCMa4YKWBaHUA OOBSACHSIETCH COOTHOWIEHMEM CHJ TNPHTSIKEHUSA
MEKIY MOJNEKYJaMH TBEDIBIX TeJ M MMAKOCTEH M CHJ MEKMO-
JEKYJIAPHOro nputsikenns B xuzakocTax (11.1.4.1°) 11.6.1.1°).
Ecau cuibl npHTAXKEHHA MEXKAY MOJEKYJaMK TBEPAOTC Teaa u
MXHAKOCTH GOJbLIE, YeM CHJIBI IPUTSXKEHUs MOJEKYJ JKUAKOCTH
LPYT K APYrY, TO XUAKOCTh Oyjer cMauusatomedt. Ecan mode-
KyJigPHOE MPHUTsKEHHE B XUIKOCTHY NPEBLILAeT CUJLl NPHTS-
JKEHHUS] MOJIEKYJ JKHAKOCTH K MOJIEKYJiaM TBEPAOTO TeJa, TO
KUJAKOCTb HE CMauuBaeT TBEpAoe Telo.

4°. VickpusJsieHne NOBEPXHOCTH XHAKOCTH Co3jaer 0onos-
rurmeaoroe (U3bovimoyroe) 0agierue Ha HULKOCTD 110 CPaBHEHHIO
C JlaBJieHHeM NoJA MJIOCKOH NOBEpXHOC-
Th10. Has cdeprueckoit noBepXHOCTH
JKUJIKOCTH, IPU KpaeBoM yrJe ¢, paBHOM
0 iy 7, JONOJHHUTEIbHOE AABJICHHE Dm
paBHO

20
Pm="T">
rae ¢ — Ko3ahUuUeNT nOBEPXHOCTHOTO
Puc. 11.6.3 HaTsikeHusi, R — pagnyc cdepuueckoit

nopepxHocty; py>>0, ecau MEHHCK BHI-
nykabii; py<<0, ecin menuck BoruyThii (puc. 11.6.3). Ilpu
BLINYKJIOM MEHHWCKE py YBEJNHUHBAET TO JaBieHue,
KOTOPOE CYIleCTBYeT MNOA IVIOCKOH HOBEPXHOCTHIO XKHAKOCTH
(nanpumMep, aTMocdepHoe AaBjieBHEe Ha CBOGOJAHYIO NOBEpX-
HOCTL KBAKOcTH). Ilpy BOTHYTOM MEHHCKe JaBJeHue MNoj
IJIOCKOH JIOBEPXHOCTbI0O YMEeHbII a€T Cs Ha BeJUYHHY
pm. JonosHuteNbHOE AaBleHAE BHYTPH CPeprueckoro nysnps
paaiyca R BoispiBaeTcsi M3OLITOUHBIM JaBJjieHHeM Ha o00eux
NIOBEPXHOCTAX Ny3HpPst U paBHO pu=40/R.
5°. ¥Yakue uuAUHApHUECKHE TPYOKM € IHAMETPOM OKOJO
MHJJIIMETpPa H MeHee HashiBAIOTCA Kanuarsapamu. ¥ poseHb
HAeaNbHO CMauMBAlOWEH (HeCMayuBaloLlel) XHIAKOCTH B Ka-
nuIsipe pajpyca 7 Bbile (HHXKe), 4eéM B coolmaouemcs ¢
HHM LIMPOKOM COCYA€, Ha BhICOTY A, paBnylo (puc. 11.6.4)
20

‘Ea



6.2, CMAYMBAHHUE, KANUJUJISAPHBIE S$BJEHUSA 165

rjie ¢ — [JIOTHOCTb KHUAKOCTH, & — YCKOPEHHE CHJBL TAMKECTH.
3MeHeHusT BBHICOTHI YPOBHSI B KanWMIspax Ha3blBalOTCsa Ka-
nuassproimu agserusamy. OHY CBSI3aHBL C TEM, YTO AJs PaBHO-
BECHS| CMayMBalOmied »KUAKOCTH B Kanu/aiasipe H3GBITOYHOE
JaBjleHHe pm AOMKHO ObITb PAaBHO THAPOCTATHYECKOMY
pgh (1.6.2.2°). CHu:KeHHe yDOBHSI HECMauHBalOWleH KHIKOCTH
B Kanuwuispe OObsiCHAETCS TeM, YTO AONOJHHTE/AbHOE [aBJe-
HHE p, BBITECHSIET XKHJIKOCTb W3 Kamuaasipa Ao TeX 0P, Noka
He YCTaHOBHTCSl pPaBHOBecHe
TaKoe ke, KaK JAs CMadH-
Balolell KUAKOCTH, pgh==
=20/r.

6°. KanuaasipHeIMH $IB-
JeHUAMH OObACHACTCS CBOMH-
CTBO psifa Tesdl (Bara, TKa-
HH, [OuYBH, OETOH) BIMTHI-
Bath BJary (euzpockonuy-
tocme mea). Haa coxpa-
HEeHUs TOANOYBEHHOH BJAru
B [I0YBE KaNWIAphl B Hedl
paspywaioT NpH Benalke u 60poHoBanuu. Knave Baara B nou-
BE NOAHUMAETCS [0 KAMU/ASPaM Ha NOBEPXHOCTb U HCMapser-
cd. Jlns Toro uTofpl BJIara He NPOHHUKAJAA B XKUJI0E IOMELe-
HME N0 KanmuisipaM, MexAy QyHAdMEHTOM 3JaHHS H CTeHaM{
[IPOKNANBIBAIOT CJIOH TOJSl, CMOJBI H APYTHX BELIeCTB, MpensT-
CTBYIOLIMX SIBJICHHIO KaNUJJ/sIPHOCTH.

3apaua 1. [Tojg KakuM JaBJeHHEM HAXOAUTCA BO3AYX BHYT-
PH MBLIBLHOTO NY3bIpbKa AMaMeTpoM 4 MM H YeMmy paBHO J100a-
BOuHOe jiaBierne? ATmochepHoe jaBiaeHue 752 MM pT. CT.

Harno: py=T752 MM pr. ct., d=4 um=4-:1073 M, 0=40X%
X10-% H/m, 133 H/M?*=1 MM pr. cT.

Hadmu: p, pm.

Peiuernue: Bosgyx B myspIpbKe HAXOAHTCA MOA JAABJEHHEM
pP=p,+pm THAE pym — HABJAEHHE, KOTOPOE OKA3LIBAIOT Ha
BO3AYyX jABe cQepuueckue MNOBEPXHOCTH IVIEHKH Hy3bIpbKa.
Tnenka umeer ouennp manyw ToamuHy. [Tostomy auamerpsi
00enx 1oBepxXHOCTell IIPAKTHYECKH OAMHAKOBHL. [leGaBounoe
JlaBJieHKe paBHO

rie o — KO3(DPUUHEHT I[OBEPXHOCTHOIO HaTsKeHus, R —
paauyc KpuBu3HE mnoBepxHoctH, R=d/2. CaejoBareabHo,
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JIBJIEHHE BO3/yXa B NYy3blpbKe
p=p+2%,
p=<752 133 4 &0 107 )H/ 2 (100016 -+ 80) H/m2 =
—=100096 H/m2,

HoGapounce  papnenne py==80 H/m?, numu pu=
=0,6 MM pT. CT.

3apaua 2. MbibHasA BOJA BhITEXKAeT M3 KanWuIspa no Kam-
JisM. B MOMeHT oTphIBa KanJu NUaMeTp ee 1ieHKH paBeH 1 MM.
Macca xannu 0,0129 r. Onpenenuth KosdxpunyeHT noBepx-
HOCTHOTO HATSXKEHHS] MBIIbHON BOJHI.

Hano: m=0,0129 r=1,29-10"% xr, d=1 mM=10"% M,

Haiimu: o.

Peuieriue: Xanasa orpuiBaeTcs OT Kanuiispa DPH YCIOBHE
P>F, rne P — cuna rsaxecty, P=mg, F — cuna noeepx-~
BOCTHOTO HaT#MeHus.

Yenoeue paeunopecusii F=P, ol=mg, rae | — nepumerp
meikn Kanyy, I=ad. Orciona

mg 1,29.10-5.9,81

C="7d =~"314-10-°

— -2
g H/m=4,05-10~% H/m.
3apaua 3. Hafitn pa3HOCTL ypOBHeH MXHAKOCTH B ABYX
KanuAJspHbHX TPyOKaX, ONyIIEHHHX B MHAKOCTb. I1j0THOCTD
#uaxoctH 0,8 r/cm®. BHyTpenHue JauaMerphl Kanmuijisfipos
0,04 cm m 0,1 ecm. Koa(hpuuuenT noBepXHOCTHOTO HATSIXKEHUs
xupkoctH 2210732 H/m.
Hano: d;=0,04 ecm=0,4-10"% M, ds=0,1 cm=10"% M,
p=0,8 r/cM3=8-10% kr/M3, 0=22-10"2 H/m.
Hatimu: Ah.
Pewieriue: BricoTa NOAHATHST YPOBHSA KHUAKOCTH B KalHe
aspe
_ 20
~ per’

Tje r — Paauyc Kamuwuisapa, p — IVIOTHOCTb KUAKOCTH, r==
=d/2. Torga

_23  apg o _do (11
h=22 u Ab=h h_pg( )

4.22.10-3 1 1 /
8:102.9,8 (0,4.10—3’“ 10_8>M=16’8.10 S M.

Ah=
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F'aaea 7

TBEPADBIE TEJIA U UX NPEBPAILEHUE
B )XUJAKOCTH *)

7.1. THOB KPHCTAMINYECKHX TBEPABIX TEl

1°. Kpucrajannyeckue TBepAble TejMa 00/afal0T aHH3OTPO-
nueil — 3aBHCHMOCTBIO (GU3UYECKUX CBOHCTB OT HalpaBieHus
BHYTPY KpucTamsa. Taxk, TemoBoe pacuupenyue KPHCTa/JIOB
(11.7.3.1°), mexanuyeckas npounocts (I1.7.2.9°), onruueckue
cBoiicTBa (CKOPOCTb PacOpoOCTPaHEHUs CBera, I[0Ka3arenb
npejomeHuss (V.1.2.1°)) 3aBucAT OT HampaBjeHHs BHYTPH
KpucTaLIa.

2°, Pasjnuaiorcsl clefyiouiHe Yerhipe THIA KPHCTANJIHYyeC-
KHX PelLleToK:

a) Hounsie rpucmanset — GOJBIIKHCTBO HEOPTaHHYECKHX
coepgunenuii, Hanpumep comu (NaCl u ap.), okucn MerasnioB
U T. I. B y3/1ax KPHCTA//IHYECKUX PEIUETOK HOHHBIX KPHCTaJ-
JIOB PA3MEMIAIOTCS NPABUIABHO YEePeAYIIHeCc MOJOXUTETbHEIe
H oTpunaresbHele MOHHL (cM. puc. 11.1.4, a), mexay xorophi-
MH JAefiCTBYIOT IJiaBHBIM O6PAa3oM CHJBI JEKTPOCTATHYECKOrO
B3aUMOJEHACTBHS, OCYLIECTB/ISIOUINE HOHHYIO (Te€Tepomnossap-
uyio) cBa3p (VI.3.2.1°. B npouecce KpHCTaNIH3ALUH
(I11.7.4.6°) oanu arombl (Hanpumep, Na) TePAIOT NEKTPOHH,
KOTOpble MPHCOEAUHAIOTCS K JPYrHM aromaMm (Hampumep,
Cl), ¥ BO3HUKAIOT ABA [POTHUBOMNOJIOXKHO 3aPSKEHHBIX HOHA.

6) AmomHole (8aseRmHbIE) KPUCMAAALL — KPUCTAJIHYEC-
Kue pewerky noaynposogHukoB (Te, Ge) u ap. (I111.3.11.1°),
MHOTHe OpraHHuecKHe TBepipie Tesaa. TUOWYHBIMH NPUMEpPaMH
TaKUX KPHCTANJIOB SBJSIOTCA pPa3sHOBUAHOCTH YIJepoja —
ayMa3 H rpagur (cM. puc. 11.1.4, 6). B y3nax KpuCTalIHYECKHX
peleToOK aTOMHBIX KPUCTaNJOB HAXOANTCH 3JICKTPUUYECKH Hel-
TpanbHLIE aTOMBI, YAlle BCETO OJMHAKOBBHIE, MEXY KOTOPBIMY
ocymecTB/sgeTCa ocobast KoBasieHTHas (rOMeonossipHas) CBA3b
(V1.3.3.1°), uMmeomasi KBAHTOBOMEXAaHHMYECKOE IIPOUCXOMKIE-
Hue.

B) Mosexyaaprvie xpucmanasst — Brs, 1., CH,, Hagranun,
napacbuH, MHOTHe TBEPJple OpraHHuecKue coefuuenus. B ysaax
KPUCTAJIHYECKHX DELIeTOK TAaKHUX KPHCTANJIOB HAXOAATCS
MOJIEKYJ/IBl, COXPAHUBLIME CBOW MHAMBUAYANbHOCTH. Mexny
3THMH MOJIEKY/1aMH JeHCTBYIOT CHJIBI NPHUTSKEHUS, XapaKrep-

*) CeefeBHsi O CTPOGHHH KPHCTANJIHYECKHX TBEPABIX Tel H TeIJo-
BOM [IBHIKeHHH B KpHCTadaax cM. 11.1.6.3°~6°,
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Hple ans BaaumopefictBus moneryd (11.1.4.3°). OrHocurenvHo
Manasi YCTOHYHBOCTb MOJIEKYJ/ISIPHBIX KPUCTAJIJIOB, HU3KUE TeM-
nepartypol NJaBJaeHns1 OObACHSIOTCS TEM, YTO CHJ/LI IPUTSIKEHHA
MEXKAY HX MOJEKYJaMH MeHblie, YeM Y KPHCTaNI0B APYTHX
THIIOB.

r) Memaaauseckue rpucmaasor (memasaot). Ilpu Kpucrad-
ansaumrn  (11.7.4.6°) MeTa/yIOB TIPOMCXOAUT OTILEIJIEHHE OT
aTOMOB BHEHIHHX (BasieHTHHIX) asekrponoe (VI1.2.9.2°) u
00pasyIOTCs INOJIOKHTENbHbIE HMOHBI. [loJIOMKHTENbHEIE JMOHBL
pacnoJiaratlorcsl B ya/fax KPUCTAAIMYECKOH peweTKu. Bremnue
(BaJieHTHBIE) BJMEKTPOHBI CTAHOBSITCH KOAACKMUBUSUPOBAHNbIMLUL
(060bwecmercHHbIMU) — OHU TIpUHAJJIEXKAT BCEMY KpHCTANTY
B LenoM, o6pa3ys JAEKMPOHHbLE 2a3 8 Memailax.

Memaaauueckas €6136 B KPUCTANJIMUECKOH DEILETKE MeTal-
JOB  ofecrieydBaeTcs NPHTSKEHNHEM MEXIY MNOJOKUTEeNbHO
3aPAMEHHEIMY HOHAMH, HaXOJSIIMMUCS B y3J1aX KPHCTaJJAudec-
KOH pelleTKH, U OTPHLATEBHO 3aPSKEHHBIM 3JIEKTPOHHBIM ra-
30M. KoOJ/neXTHBH3HMPOBaHHBIE 3JMEKTPOHH MeTaNI0B Kak Obt
«CTATHBAIOT» NOJOMKHUTENLHEIE HOHBI, YPaBHOBELIMBAA OTTaj-
KMBaHHe Mexay HuMH. I1pH paccTOsHHAX MeXAy HOHAMH, paB-
HEIX nepHopy Kpucranianueckop pemerku (I11.1.6.5%), Bosuu-
KaeT YCTOHYMBasi KOHQUIypalldis HOHOB, COOTBETCTBYIOWIAS
YCJIOBHIO PaBEHCTBa CHJ, CTATMBAIONIMX HOHBL, H CHJ MX B3a-
UMHOIO OTTalKuBaHHA. HanuuueMm 3/i€KTPOHHOTO rasa ofbsc-
HSieTcA Xopouiasi 3JeKTPONPOBOAHOCT U TENJOIPOBOLHOCTD
MeTaJljIoB.

7.2. ¥Ynpyrue cBCHCTBA TBEPAbIX Tel

1°, Hegopmayuei TBEpRoro Tejla Ha3piBaeTC H3MEHEHHE
ero pasmMepoB M 0Ob€Ma, KOTOpO€ CONPOBOMAZETCH OGLIUHO
u3MeHenneM Qopmet Tena*). edopmauuu NPOUCXOAAT npH
HarpeBaHHH (OXJIaXKACHMH) TBEPALIX TeJl WU NOJ JeficTBHEM
BHewHNX cudl. TIpu pedopmanusx 4acTHLB!, PacHONOKEHHBIE
B y3JaX KPUCTALJIHYeCKOH DEemeTKH, CMELLAIOTCH M3 CBOUX
PABHOBECHBIX TNOJIOXKEHHH., DTOMY CMEMIEHHIO NPEnATCTBYIOT
CU/bl B32aHMOAEHCTBMS MeXAYy YacTHLaMH TBEPLOro Tesa.
B nethopMupoBaHHOM TBEpJAOM TeJlé BO3HUKAIOT BHYTPEHHHE
ynpyrue cHJbL.

2°, ¥npyeocmero Has3biBaeTcsi CBOMCTBO TeJl BOCCTaHABJIH-
BaTh CBOM pa3Meprl, (opMy n ofbeM nocje npekpamenns pefi-
CTBHSl BHEIIHNX CHJI, BRI3BIBAWOIMX AePOPMALnIO.

*) Mckaiouenne cOCTaB/sieT BCcecTOPOHHEE pacTsieHHe (CxkKaTHe),
OpH KQTOPOM (opMa TeNa COXPaHAETCR HEHSMEHHOH,
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Cunoll ynpyeocmu - F .y (ynpyeold curol) HasbIBaeTCsi CHIA,
BO3HUKaIOWLAs 1Py jAedopMankid Tena W HanpabJeHHas B CTO-
POHY, TNPOTHBONOJIOXHYIO HANPAaBJEHWIO CMEUIEHHS 4YacTHIL
Tesa nipu aedopmanun (0 cujie Yynpyroctu oM. takxke 1.2.9.1°).

3°. Jleopmanyn, KOTOPLIE HCYE3AKOT JIOCHE TOFO, KaK Jeii-
CTBHE BHENIHHX CHJ Npexpallaercs, Ha3bBAOTCA Yynpyeumu.
[Ipu 3TOM YacTMLBLI TBEPAOrO Teda, CMECTHBILMECST B NpO-
necce aegopmanun (n. 1°), BO3BpamlaloTCs B CBOM HCXOAHBIE
1II0JIOXEHN S PAaBHOBECHS W BOCCTAHABJAMBAIOTCS NEPBOHAYAD-
Hble pasMepn 1 oObeM Tesa. Tax, ynpyro nebopMHUpoBaHHas
1PYKUHA NIOC]e CHATHS HAIrpPy3KH BOCCTAHABJMBACT CBOIO Iep-
BOHAUNIBHYIO JJuHYy, ofbeM U dopMmy. Ynpyrasa jedopmanus
npexpamaerca npu yeaoeud Fy,,=F, rae Fu Fy,, — moay-
JI BHEiIHEH CHJABL, BBI3BIBAWOMIEH AedopManuio, U CUAbl yHpy-
rocTH.

Heynpyrue pedgopManyy TBEpAOro Tejla He HCUE3al0T NoCe
nperpalllenks NeHCTBIA BBHI3BABIUHX HX CWJ U NPHUBOAAT K He-
oBpaTHMBIM H3MCHEHHSIM B KPHUCTaNIHUECKOH DEIeTKe TBEp-
poro tena. Taxue jpedopManny HasbIBAIOTCA NAGCIMUYECKUMU.
IlracTuueckye nedopMaiuy XapakTepPH3YIOTCS BO3HMKHOBe-
HHEM ocrmamoutbix Oepopmayuli, KOTOPHE COXPANSIOTCS B Teje
focjie NPEKpallleHns AEHCTBHS CHJL.

4°, Mepoii redopmauyin CUHTACTCS OMHOCUNMEAbHAs Oeghop-

Ax o
Moyus —-, paBHas OTHOLIEHWIO abcomoTHOl jedopMaunn Ax

K I1I€PBOHAYaJbHOMY 3HAYCHMIO BEJMYMHBI X, XapaKTepusy-
1olei pasmepel MK QopMy Tesa. Tax, OTHOCHTENBHOE YJJIM-
HeHne Tena ecTh OTHOUIEHHE YAJAMHEeHHs Tesna Al K ero nepso-

o Al
Haua/bHo# mHe [, T. e.  (n. 7).

5°. Mexanuueckum Hanpasceruem G Ha3biBaeTCst Guanueckas
BEJIHY¥HA, YHCICHHO paBHad Yynpyroil cuze, npuxopsuencs
Ha eAMHHMLY IVIOWALK CEYEHUs TeJa: '
o Myng
AS ?

rae  Fypp — cuna ynpyroctd, S — n/oiajp CedeHust Tesa.
Ecnn nanpskeHue nocTosiHHO MO BCell IVIOIIAAM CEYEHHS, TO

F
ynp
g=—5.

Hanpskenue nasbiBaercss Hopmassteim, ecnn cuaa AFy,
NepneninkyaapHa K maomain cedenns AS, M kacamesvHoim,
eciim AF ., Hanpab/eHa 1O KacaTeJbHOH k nacgaiy AS,
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6°. 3aron I'yxa (cm. Takxke 1.2.9.4°): orHOCHTeIbHAS Aedop-
MauMs NpsiMO TIPONOPIHOHANbHA HAMPAXKEHHIO:!

Ax 4]

X K’

e K — modyae ynpyeocmu. Ilpn Ax=1x, T. . 1pH OTHOCHTEJIb-

HOMt JmedopMallui, DABHOH eAMHHLE, MOAYJb YIPYLOCTH YMC-

JeHHO paBeH Hanpsikenuio: K=o0. 3axon ['yka cnpasemins

aaa ynpyrux pedopmanuii (m. 3°) BILJIOTH O ONPEAETEHHBIX

snaueHul sTux aebopmanuiét. Hanps-

WeHue, NPU KOTOPOM HapyliaeTcs

sakoH I'yka, HasbiBaetcst npedesom
RPONOPYUCHANBHOCIUL.

7°. Tpocreitiuum tunom aedopma-

IIMH ABJSETCA OAHOCTOPOHHEE pacTs-

wenue (cxkarue). [lpu odnocmopon-

27 Hem  pacmasceruu (cwcamftu) NoJ,

JeficTBHeM  pacTATHBawEeH  (CKu-

Puc. 1L.7.1 maronieil) cuJisl Bospacraer (yGbiBaer)

anaHa  Tena. Mepoit  pedopmauun

Al
SIBJISIETCA OTHOCHTENbHOe yjnuHenue (cxarue) — . Moxyib
ynpyroctd K HasbiBaetcss npu sroM modysem IOuea K=E.
Mopyab IOnra yucjieHHO paBeH HanpPsDKEHHIO, IIPH KOTOPOM
NPOUCXOJUT yDeauueHne (yMeHbLICHHE) IUIHHBE TeJa B JBa pa-
sa: E=o0 npu Al=L

O 1 Al
8. T'paguk saBucuMoctd 6= f|{ .| npu OAHOCTOPOHHEM

paCTSKEeHHH HaswiBaeTcst  Ouaepammol pacmsavcenus
(puc. 11.7.1). B o6aactu OA cnpasennus sakoH I'yka. Toura A
COOTBETCTBYRT Npefeay nponopuuoHanbuocTn (m. 6°). [1pede-
20M Yynpyeocmi HA3BIBACTCS HAUOO/bLIEE HANPSIKEHHE, [PH
KOTOPOM €lile He BO3HHKAIOT oCTaTouHble xedopmamuu (n. 3°).
IIpeneny ynpyrocta coorBerctByeT Touka A’ ma puc. 11.7.1.
O6nactu A'B nuarpammel pacTsiZKEHHS COOTBETCTBYIOT OCTa-
tounsie jedopmanyuu. I'opusoHTanbHBIE yyacTok BC auarpam-
MBI OIpEJIeNsieT meKy4ecmy — TaKoe COCTOsIHUE JehopMupo-
BAHHOIO Te/Ja, NPH KOTOPOM YAJMHEHHe Bo3pacTaer 0e3 yse-
JuyeHHs Hanpsokenusi. Touke B coorsercrByer npedes me-
Kyuecmu.

§°. IlpouHocmeto marepuana Ha3bIBAETCA €r0 CBOACTBO BhI-
JEPKUBATH JACHCTBUS BHEIUHUX CHJ Oe3 paspyweHud. [Ipede-
A0M NPOYHOCMU HABLIBAETCA MEXAHMYECKOe HANpsHEeHue, KO-
TOPOMY COOTBETCTBYET Ham(O/bllag BbLIECPXKHBACMAA TeJIOM
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Harpy3kKa nepej paspylleHHeM €ro KPHCTalJHYecKOH CTPYK-
TYPHI.

Sanacom npounocmu  (koapduyuenmon 6ezonacHocmu) Ha-
3LIBAETCS YKCJIO, IOKA3LIBAIONIEE, BO CKOJIBKO Pas fpeaes npoy-
HOCTY GOJIbLIE AONYCKAeMOro Hanpsixkenust, [1penesnl npodHoc-
TH 3aBUCAT OT CBOHCTB MaTepHaJsoB. 3anac NPOYHOCTH 3aBHCHT
OT XapaxTepa HarpyakH, YCJIOBHH HCTIOIb30BAHHS MaTepuasa u
MHOTMX JAPYTHX (PaKTOpPOB.

3anaua. [lposonoka gaunoto 3,0 M u anamerpom 0,8 MM BU-
cuT BepTHKanbHO. K cBOGOJHOMY KOHIY HPOBOJIOKHM TOJABE-
CHJIM TPY3 Maccow 5 kr. JliwHa NpoBOJIOKM YBEIWYUJACH Ha
0,6 MM. OnpenenuTe HanpsiKeHHe, OTHOCHTEJbHOE YAJIMHEHHE
¥ MOAYJIb YIPYTI'OCTH.

Hano: 1=3,0 M, d=0,8 mm, m==5,0 xkr, Al=0,6 mm.

Haiimu: o, Al/l, K.

Pewenue: Hanpsxenne o=F/S. Yupyras cusa no MoAyJuo
paeHa cune Taxecrn F=mg; nnomanp S ceueHus NPOBOJOKH
S=nd?*4. CnencBare/bHO,

_ 4mg  5,0.9,8:4
0="d® = 3,14.0,8-10-9)2

H/m?=32,0-10% H/m? =32 MIla.

OrHocuTe/ibHOE YAJHHEHHE
Al 0,6-10-3

T-——m——::Q,O 10—4.
Mo sakony I'yka Moayab ynpyroctu
)
K =Al" o,
K =022 10 1 /m1— 16,0- 10 Hyw2 =160 TTla.

7.3. TemioBoe pacHiMpeHHe TEEPABLIX TeNl H MHIAKOCTEH

1°, Tenaogoin pacuiuperties Ha3bIBaeTCsi yBeJHUeHBe JTHHER-
HHIX Pa3MepoB B OODEMOB Te€J, NPONCXOAfLIEE NPH MNOBHILE-
HUH UX TeMmnepartyphl. JluHednoe menaosoe pacuiuperue Xa-
PaKkTepHO ANt TBEPABIX Tes. 00BemHOe menaogoe pacuitperie
NPpOUCXOANT KaK B TBEPALIX TeJddX, TAK H B KHUIAKOCTAX MpPH
HX HarpeBaHuH.

2°, JluHefiHOe TeNJIOBOE pacliMpeHHe XapaKTepusyercs
Kosppuyuernmom aurelinoeo pacwupenus (CpeOruMm Koaghpuyu-
EHIMOM AUHEUH020 pacuwiupenus) o B JaHHOM MHTEDBaJe TeMie-
paryp. Ecan [/, — BavyaJabHas AJuHa Tela NpPH TeMOeparype
hy, a Al=l] — |, — yBennucHNE ANHHBI TeJa NPH HArpeBaHHH



172 OTAEJ II. I'Jl. 7. TBEPABIE TEJA H WX FPEBPANIEHUS

ero Ha Af={ — {, rpafyCcoB, TO O XapPaKTEPUIYET OMHOCUNIEAb~

Al
Hoe yoauHerue — TeJa, KOTCpOE INPOUCXOAHUT IPH €ro Harpesa-
ly

HHH Ha CIAKH rpapyc:

L

l
o =—

r»l —_
T
=~

0
Jl1vHa [ Tesia npu TeMneparype ¢ onpenensercs ¢GopMyaon
[=1(1+aAf).

g GonplunacTBa TBEPABIX Ten o= (107°=107%) rpan~?
M MOXKHO CUMTATh, YTO O NPAKTHYECKU HE 3aBHCUT OT TeMmIepa-
TypHL. '

3°. OGbeMHOE pacliMpPEHHe TBEPABIX TeM M KUJAKOCTEH Xa-
PAKTEPHIYETCS KOIPpUlLermom 06BeMHO20 pactuuperus (cped-
HUM Koappuyuenmon 00%erno20 pacuupenus) p B HaHHOM
UHTepBasie Temneparyp. Tak Ha3blBAaeTCs OMHOCUMEAbHOE Yge-

vV

Aunerie 06vemMa v~ TPOHCXOAfee NPH HArpesaHuH Tena
0

Ha OJWH Tpajyc:

1 AV
ﬁ'__‘KTT/;_,

rie V, — nepBoHayaJbHblll 06BbEM TeNa NpH Temmneparype i,
AV=V — V, — yBequucHue 00beMa Tesa PH ero HarpeBaHUH
Ha At=t— 1, rpanycoB. O6beMm tesa V npu TeMmneparype ¢
onpeneasercs dopmyaoit V=V, (1-+p-Af). CBasb Ko3(Ou-
LMEHTOB JIHHSHHOrO ¥ OOBEMHOIO PACLIHPEHHS

p =~ 3o

cnpaBeUliBa NIPH YCJIOBHAX, KOIJla MOXKHO IIpeHefpeub uije-
Hamu 3a? At u 3a-Af? B Bepakenuun (1-+a -Af)s.

4°, Jluuefivoe TemJsioBOE pacluHpeHHe OObACHAETCS HECHM-
METPUUHOH (OPMOH KPHBOH 34BUCHMOCTH HOTEHLHAJbHOH
sueprud [I{r) B3auMOZeHCTBUST JBYX MOJEKYJ] OT PaCCTOAHUA
r mexay Huma. Kak ussecrHo (I1.1.5.3°), Takoi xapakrep
kpuBoft 1 (r) cBsi3aH C pasJu4HON 3aBHCHMOCTBIO OT PACcCTOA-
HUSl 7 CHJI TIPUTSDKEHHS H OTTaJAKUBAHHS MEXKIY MOJeKyia-
Mmu. Ec/x 1pu HEKOTOPOH HeBLICOKOH Temneparype Ty MOIEKy14
HMeeT [OJIHYIO 3Hepruio £, To OHa KoJe6aercst OKOJMO HON0XKe-
HUSl DAaBHORECHS r, MEXAY TOUKAMU a U b, npuuem ar,=zbr,
{puc. 11.7.2). C noBbilIeHHEM TeMIIEPATypPEl BO3pacTaeT moJi-
Hasl SHEPTUA MOJIEKYJIbl Eq, E3 U T. 1. U OHA KoJebJeTcsa Mexny
TouKaMd @’ u b, o' u b’ w . A., npuueM o'ry<lrob’, a'r,<C
<rob” u T. 4. HepaBeHCTBO ycu/uBaercsl NpPH MOBBILEHHH TEM-
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neparypel. JT0 CBA32HO C TEM, UTO NPH HarpeBaHuH Todka a’
(@" m 1. 1) Ha kpuBo# [7(r) cmemaercsi B€BO OTHOCUTENBLHO
TOUKM @ MeHblue, 4eM Touka b’ (b” ¥ T. i.) BNpaBo OTHOCHTENIbHO
TOUKH b. DTO NPHBOAMT K TOMY, YTO C HATPEBAHWEM BO3PacTaer
CPELHEE PACCTOSTHHE MEXKAY NO-
JiOMWEHUAMH paBHOBecHst uactur, 7
TEEPAOTO 1€1a, T. €. IPCUCXO-
JMT TENJIOEGE PACIIHPEHHUE.
3agaua. Kaxoe xonuuect- 7
BO TEMJOTH H3PacXOAOBAHO Ha
H4TpeBaHHe MENHOTO liapa OT
0 °C, ecslu 06'beM €ro YBeJUTHII-
cst npu 3ToM Ha 10 cm?®?
Hano: t,=0°C, AV=10cMm’=
=10"% M3, wu3 Ttabnuu: c=

=3,80x10% Hx/kr-K, o= Puc. 11.7.2
1,7-1075K 1, py==8,90-10° xr/m*.
Hatimu: Q.

Pewenue: Koanuecto tennotel Q=mc (f,—1,), tae t; —
Temieparypa, AO KOTOpPOH Harper wap.

3 dopmyan o6bemuoro pacimpenns V="V, (1+p (£,—1)),
rae P — Kospuuuent obbeMHOro pacwupenus, Vo — obbeM
wapa npu 0 °C, caeayer, 410

; V=V
27 VB
YuurthiBas, uto V — Ve=AV u Vy=mlp,, naxonum

taz%:g“ u Q=m-c (—Mr/n—é)”—— tl).
V-py

A —
W, nakonenn Q=c¢—3~-, 1aKk Kak p=23a, rie @ — Kos(p

$unMeHT JuBeinoro pacwnpenus u 4,=0°C, 1. e.

_3,80-10%.10-5.8,90-103 _ .
Q= 3-1,70-10-% Tk =6,65-10% Ix.

7.4. Naasaenre, KpucTaMiu3anusa U cyGaumauus
TBEPALIX TeJ

1°. Ilaggaeruem TBEpPABIX TeR HasHBAETCA HX MepeXOof H3
TBEPAOTO COCTOAHUA B KUAKOe., 3a cyeT SHEPTHH, KoTopas
NOJBOAMTCA K TBEPAOMY Tely NPH IJIABJIEHHH, AMIIUTYjHL
CMeUIeHHH YacTUIl, KOJeGJIOUXCs B y3/1aX KPHUCTANIHYECKOR
PELIeTKH, BO3PacTaloT, CTAHOBSTCH CPABHUMBIMH C NEPHOAOM
Kpucraianueckoi pewerku (11.1.6.5°). B npouecce niasnenus
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OPOMCXOLUT PaspylLeHHe KPHUCTAMIHUECKOH pererky TBepaoro
Tena.

2°, TlnaBieHne MPOMCXOAUT NpH ompesiesieHHOH TeMnepa-
Type, HasbiBaeMoll memnepamypol (mourxod) naassenus T
¥ GONbIIMHCTBA TBEPABIX Tesl T, BO3pacTaeT C yBeJNHYEHHEM
BHELIHEro jaBieHus. [laBjieHue npernsiTcTByeT HeoOXOAHMO-
My AJsi Hauajla OJaBJEHMS Tesa YBeJHUYEHHI0 PaBHOBECHBIX
PacCTOSTHUI MEXKAY YACTHLAMHU B KPUCTANIIHUECKON pelueTKe U
3aTPY/AHSACT IPOIeCcC ee pa3pyLIeHus.

3°. Kax npaBuso, miasjeHue TBEpPIBIX TEJ CONPOBOXKAAET-
cfl yBeJHYeHUEM (YMeHblleHueM) yAenpHoro ofbeMa (IJIOTHOC-
TH) Tes. MckmodeHue cocTaBASiOT JEA M BHCMYT, Y KOTOPBIX
nJaBJieHUe CONPOBOXK/AETCS YMEHbIISHHEM YAeNIbHOro ofbema
{yBesiMueHueM MJOTHOCTH). ¥ 3THUX TeJ BO3pPACTaHHE BHELIHero
JaBJIEHHS] NPHBOJAHUT K YMEHBIIEHHIO TeMIIepPaTypsl MJaBjae-
HUA.

4°. B mpouecce njaBlieHus TBEPAOTO TeJa OHO CYLIECTBYeT
OJIHOBPEMEHHO U B TBEPAOM, H B JKUAKOM COCTOSIHMAX. Tem-
fepatTypa Tesla He U3MEHSETCA DU NJABJEHHU U OCTaeTCs BCe
ppeMmsi pasHolt 7' ;. Bce KOMMYECTBO TEMJIOTH], KOTOPOE MOABO-
RUTCS K TBEPJIOMY Te1y, PACKOAYeTCH Ha pa3pylueHue Kpucralj-
JIMUeCKOll pedieTKH U Ha paoTy NpPOTHB BHEIUHWX CHJI. B pe-
3yJbTare MNJaBJeHds YBEAWUUBACTCA BHYTPEHHAS IHEPTHsA
rena (11.4.1.2°) u Bospacraer mOTEHHHANbHAA HHEPIUT MEKMO-
aekyJasipaoro Bzaumopeitcrsua (11.1.5.1°%).

5°. KosuuecTBo TemsIOTH, HEOGXOAUMOE I/t EPEX0Aa eny-
HUIBI MaCCHl TBEPJOrO TEJa B XHUAKOE COCTOSIHUE NPy Temnepa-
TYpe NJABJEHHs, Ha3bIBaeTcs Yoedorod meniomot naagre-
Hus A.

6° Ilepexos BemecTBa U3 }UAKOTO B TBEP/I0€ KPUCTANIHYEC-
KOe COCTOSIHHE HasblBaeTcsl Kpucmarausayuerd (3ameepdesa-
Huem). Bo Bpema KpucTaaNH3auMH yBeJHuMBaeTCH CpejHee
BpeMsi OCeLJIOH KU3HU Modekya xujakoctn (11.1.6.8%), ynops-
JIOYMBAETCA HX ABHMKEHHE, KOTOPOe MOCTENeHHO NpPeBpaliaercs
B TENJIOBble KOJeOaHUS OKOJNO HEKOTOPLIX CPeAHHX MOJIOMKe-
HUH — y3JI0B KpucTajnudeckoil pewerku. Jlast moBolt xumu-
YECKHM YUCTOH KMAKOCTH 3TOT NPOLECC MAET IIPH MOCTOSHHOK
memnepamype kpucmarsusayui  Typuery KOTOpas cOBHajaer
¢ reMneparypoil naasnenus Ty, (n. 2°). Kpucramnusauus enu-
HMUBl MacChl MKHAKOCTH COHPOBOMXAAETCA BhIAEIEHHEM HEeKOTO-
pOro KOJMYeCTBAa TelJIOTH — yOeAbHOU Menaomol KPUCmaait-
3auliu,— PaBHOH yNEeNbHOH TEmIoTe MJIaBJEHH.

7°. Kpucrauiusapus »KHAKOCTH HAYHHAETCs1 BOJIM3YM LEHT-
POB KPUCTA/H34LMUH — HPHMeceH, NBVIHHOK, MECTHLIX HApy-
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[IEHHA OJAHOPOJHOCTH MHAKOCTH. B 3THX MecTax NpPOUCXOUMT
VIIOpALOYEHKE B PACIIOJIOXKEHHH YaCTHI H 06pasCcBaHHe KPHC-
Taanuyeckoit pemerku. Ilpm OTCyTCTBMM 1LeHTPOB KpHUCTak-
JIM3AIMH XKUAKOCTh MOXKET OHIThb OXJaMKAeHa JIO TeMAeparyphl
Gonee nHpskolt, ueM Ty, (nepeoxsasmdennas ocuGKocmo).
CocTosiHHE NepeoXJaXKACHUS SIBISeTCS HeYCTOMUHBHIM H Jler-
KO Hapywaercsi. Hanpumep, npu BCTPSIXMBAHHM NEPEOXJIax-
JICHHOH XVJAKOCTH HaUHHAETCH €€ KPUCTaNJIM3alus.

8°. B TBepanIX TeNaX MOMKET NPOUCXOAUTHL NPOLECC HCmape-
HUs (cybaumayuil) — HENOCPEACTBEHHHIH OTPHIB MOJIEKYJ OF
IIOBEPXHOCTH TBEPJOTO TeJla U MePEXof UX B rasoo6pasnoe coc-
Toanue. JIns Toro 9yroGbl YacTHIILL TBEPJAOrO Tela MOIJIH Ho-
KWHYTb €ro NOBEPXHOCTb, HecOXOJQMMa 3aTpara SHEPTMH Ha
fpecOJIEHHE MEKMOJIECKYJNSPHOrO TPHTHKEHUS YacTHl, H Ha
OTPHB MX ¢ IIOBEPXHOCTH TBEPIOTO Teja. ¥Oeavrol meniomod
ucnapesus TBEPAOFO Teja Ha3HBAETCH KONHUYECTBO TEIJIOTH,
KOTOpO€e HeOGXOAHMO JJ1s MCIapeHHs eAMHHLEl Macchl Tesa. Ma
3aHOHA COXPaAHEHHUS SHEPruu CNEAYeT, YTO PASHOCTH MEMAY
yAENBHBIMH TENJOTAMH MCNAPEHUsS TBEPAHIX TeJ H KWLKOCTeR
ApH TeMminepaType NJaBJeHUs paBHAa yAeIbHOH TEJOTe IJIaB-
JIEHNUS.

3agaua. CKOJIBKO aMMHaKa Haj0 MCNapuTb M 3aT€M Ha-
rpetb 10 0 °C B X0M0AHIbHOM MaliiHe, YTOOH 3a CYET ITOTJIOIeH-
HOFO KOJIHYECTBA TEIVIOTH nojiyuntb 40 Kr Jibja M3 BOABL, B3f-
toii npu 10 °C?

Touka kunennss ammuaka — 33,4°C, yaeiabHast TenJjora
napoo6pazoBanysl NpH TOYKe KuneHus r,=—1,37-10° JIx/kKr,
yAelbHasi TEIJIOEMKOCTb aMMHakKa B rasoofpasHoM cCOCTOS-
HUHM ¢,=2,1:10° [Ix/kr-K. VYpenpHas Tenjora nJjiaBjeHus
apja npu 0°C ectb A=3,35-10° JIxk/Kr, ymeabHas TeNoeM-
KOCTb BOAML ¢;=4,187 -10% Jlx/kr -K.

Hano: Bopa: M;=40 kr, ¢,=4,19-10° Lxx/kr -K, ,=10 °C,
#=0°C, A=3,35-10° JIxx/Kr.

Ammmak: ¢,=2,1-108 dx/kr-K, t,=—33,4 °C, t,=0 °C,
r,=1,37-10% JIx/Kr.

Haidmu: M,.

Pewenue: KosnyecTBO TeNJOTH, OTAaHHOe BOAOH, Q=
=M, [({,—#)c;+Al. KonnuecrBo TemsoTwl, NOMyYyeHHOE aM-
MuakoM, Q.=M.,l(tz—t,)ca+r.).

Ouepupno, uro Q;==Q,, oTKyAa

M= M [(tl—ti)c1+x]
2 40(t21_(;t z)c ?-19 108 5. 108
oel((—as 1)1)1 7.1 103-:-31 337 11%2 kr & 10,7 ke,

M__




Omaden 1l

OCHOBb! IJEKTPOAHHAMHKH

faraea 1
ANEKTPOCTATHKA

1.1. OcHoBHble nNOHSITMS. 3aKOH COXpaHeHMs
3JIEKTPH4ECKOTO 3apsija

1°, Saexmpocmamuxoll HasblBaeTCA Pas3ien 3JIEKTPOLHHAs
muku (I11.1.3.1°), B KOTOpPOM paccMaTPHBAIOTCS CBOHCTBA M
B3aUMOJICHCTBHA HENOABHKHBIX B HHEPHUAIBHOH CcHCTeMe
orcuera (1.2.1.3°) syiekTpHuecKy 3apsKEHHBIX T/ HIH YacTHl,
O0JIaJaIOAX  SJIEKTPHYECKNM 3aPALOM.

2°, dusnyeckas BeJHYHUHA, XapaKTePU3YIOWAs CBOHCTBO
Te] HJIH YACTHUIL BCTYIAThb B 3JEKTPOMArHHTHBIC B3auMOJeficT-
paa (I111.1.3.1°) u ompexensiomias 3HAUeHHsT CUJT M SHEPrHH
OpH  TakuX B3aUMOAEHCTBHAX, HA3BIBAETCA JACKMPUHECKUM
8apadom. DJEKTPUUECKUE 3aPANBl AETATCH Ha NOJOXKUTERbLHEIE
M OoTpHUaTeNpHble. [ToMONKUTENALHLIL 3aps] BO3HHKAeT, Ha-
npuMep, Ha CTeKje, HATEPTOM KOXKEH, OTPHUATENbHLIH —
Ha sIHTape, HATEPTOM [IEPCThHIO.

3°. CTaOU/BbHLIMH HOCHTENAMH  3/1eKTPUUYECKHX 3apsJoB
asasores saementapueie wactuuyl (VIL5.1.1°) u ux autnya-
crauwl (VIL5.3.1°). HocuTensiMu NOJNOXKHTENBHOTO 3apaja sB-
JISFOTCA [IPOTOH W MO3HTPOH, OTPHIATENBHOTO — 3JEKTPOH H
AHTHIIPOTOH.

HaumeHbUINMY YCTORYMBRIMY HACTHI@AMH, KOTOphie OG-
JAIOT OTPUUATENLHEIM ([ION0KUTETbHEIM) 3JEKTPUYCCKUM 3aps-
JIOM ¥ BXOAST B COCTaB JIIO00T0 BellecTBa, ABJIAIOTCA 3.28K1Mp0HbL
(npomones). DneKTpHUECKHE 3apsj MPOTOHA H 3JEKTPOHA M0
abcooTHOMY 3Hauenuio pased 1,602-1071 Kn=4,80x
x 10~ en. CI'CD (VII.8). Maccsl npoToHa u 3J€KTpOHa pas-
Hbl coorsercrBedno 1,67 10727 kr u 9,1 1073 kr. Dnekrpuuec-
Kuil 3apsa DPOTOHA H JEKTPOHA HA3BIBAETCS JACMEHMApHOIM
3apadon.

4°. DnextpuuecKui 3apsj J060ro 3apsKeHHOro Tesa PaBex
LEJIOMY UHCY 3JeMEeHTapHBIX 3apsfoB. B snekTpuuecku
HeATpa/bHOH (He3apsieHHOH) cHCTEME COAEPKHTCA paBHOE
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YACJAO 3JIEMEHTAPHBIX 3apSA0B NPOTHBONONOKHOTO 3HaKa,
ONEKTPHUECKH HEATPAJbHBLIMU SIBJSIOTCSH aTOMbl, MOJEKYJ/Ibl W
HUX KOJJICKTUBBI — MAKPOCKOLUUYECKHE TeJa.

5°. Eciiu s/eKkTpudecKasi HeATPaNbHOCTL Tela Hapyiuena,
TO OHO Ha3bBIBACTCH MAIACKMPUB0BAHHbIM. [/ 3JIEKTPU3ALUH
Tesa HeoOXOAMMO, 4TOOBl Ha Hewm Obll CO3aH H3GBITOK (Hexo-
CTaTOK) 2JEeKTPHYECKHX 3apPAA0B TOTO WJIH JAPYroro 3Haka.
DNeKTPU3ANUSL TeJsl OCYLIECTBIASETCS Pa3NHUHBIME CIOCOBaMH,
npoctefiiMM H3 KOTOPHIX SIBJSIETCH JEKTPH3ALHKS CONMPHUKOC-
HosenueM. IIpH cONPUKOCHOBEHNH HEKOTOPBHIX TeJ NPOUCKOAHT
KOHTAKT MexkAy Pa3sHOPOAHBIMHU BeLiecTBaMu. [1pu 3TOM BajieHT-
Hple 3JexTporsl atomoB (V1.2.9.2°) oxHoro us semecTs nepe-
XOJASIT B JPYroe BelecTBO.

6°. [Ipu Bcex sIBNEHHSIX, CBSI3aHHBIX ¢ mNepepacnpejese-
HHEM 3JIEKTPHYECKHX 3apsiJiOB B H30JHPOBAHHOH cHCTEME B3a-
HMOJACHCTBYIOIIMX TEJ, ajredpaudeckas cyMMa 3JeKTPUYECKHX
3apsIOB COXPAHAETCs NOCTOSTHHOH (3aKOH COXpaHeHus dieKkm-
puueckoeo 3apada). 3aKOH cOXPaHEeHUs 3/JIeKTPUYECKOro 3apsiia
SIBJISIETCSl TAKHM K€ OCHOBHBIM 3aKOHOM (DM3HMKH, KK U JpyTHe
3aKOHB! coxpaHenud: sHepruu (1.5.4.1°) u umnyanca (1.2.6.2°).

1.2, 3akon Kysaona

1°. DnekTpuyecKue 3apsibl HA3BIBAIOTCH IMOUCUHOIMU, €CTTH
OHU pacnpeiensioTCs Ha Telax, JUHeliHble pa3dmephl KOTOPHIX
3HAYHTEIbHO MEHbILE, 4eM Jo0bie ApYrue PaccTOsHUS, BCTpe-
yajougieca 8 JauHoi sajave. Hanpumep, 3apsiis Ha ABYX B3au-
MOAEHCTBYIOMHUX METAMIHYeCKHX 3apsiKeHHLIX apax ¢ pa-
auycamu B 1 MM KaxXABIH, pacroJioKeHHbIX IPyr OoFf Apyra Ha
paccrosuny 1 M, MOTYT CUMTATLCS TOUCUHBIMM, €CJIH BBIYHCIHS-
eTcsl CUJla B3AUMOJASHCTBUSA MEKAY Wapamu. ECJH »Ke BblUUC-
aserca HanpameHHocts mois (111.1.3.3°) opworo us stux
[LIAPOB Ha PACCTOsHHY 15 MM OT ero ueHTpa, TO 3apsajl wapa
YIKe HEJIb3S CYMTATh TOYEYHBIM.

2°, Cuibl 3JEKTPOCTATHYECKOrO B3aHMOJCHCTBHA 3aBUCAT
07 (opMBI, pPa3MePOB HAICKTPH30BAHHEIX TeJd U Xapakrepa
paclpesesieH s 3apAA0B Ha 5THX TeJax. B ciyuae HeNnojBix-
HBIX TOYEUHBIX 3aDPSJOB §; H 2, 4 TAK:KE 3aPAKEHHBIX TeJ Lia-
poobpasHoii (OpMBI, €CJAM HX 3apsiibl 41 M §; PaBHOMEPHO
paciipejiesieHsl 10 BCeMy 00beMy MM MO Beell IIOBEPXHOCTH 3THX
Te1, cnpaBenuB 3axon Kyaona: cuna F snekrpocrartnueckoro
B3aUMOJIEHCTBUS MEXKIY 3apANAMH §; H §p, HaXOAAIMUMHCA B
BAaKyyMe, NOpPSMO [PONOPUHOHANbHA [POH3BENECHHIO BEJIHYHH
3apsA0B H 06paTHO NPONOPHHOHANIbHA KBaAPATy PACCTOAHHA
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MeXIy HHUMH:

9192

F==Fk T

rie k — KoahpduIEEHT NPONOPHHOHANBHOCTH, 3aBHCAWIME OT

CHCTEMBl €IHHMII, HCOONb3yeMol npu pacuerax. Jins B3aumo-

AEHCTBYIOIMX DPAaBHOMEPHO 3apsKEHHHIX 1IapOB MX DPajulycChl

R, u R, Moryt OHITb COM3MEDHMBl C PacCTOSTHHEM 7 MEXIY
ux uneHtpamu. Cuna F nasnBaercsi KyAOHOBCKOU cuaoll.

3°. Ky/ionoBckue cuib, KakK W TPaBUTAUMOHHbLIE CHJIBI,

NOAUMHANTCA TperbeMy 3akoHY Hbrorona (1.2.5.1°): cunnl Bsa-

z Forr

Pue. 111.1.1

HMOAEHCTBUS MEXAY 3apsilaMi PaBHBI 0 MOAYJK ¥ Hanpas-
JieHbl TPOTUBONOJIOKHO APYr APYTY NO NPAMOH, COeNHHSIO-
el ToueyHwle 3apsiAbl WM 1eHTps mapoB. KynoHosckas
cuia sBJseTcs UeHTpanvHoH cuaon (1.2.8.1°).

OnbiT NCKa3biBaeT, 4YTO pPasHOMMEHHBIE 3JEKTPUUYECKIie
3apsifbl NPUTATHBAOTCA APYT K APYyry, a OBHOUMEHHLIE —
OTTAIKHBAIOTCA. DTUM KYJOHOBCKNME CHJbl [PHHUMIKRAALHO
OTJIHYAIOTCA OT T'DABHTALMOHHEIX CHJI, BCETAa ABJSIOIHXCA
cutamy  nputsikennsn (1.2.8.1°).

4°, Cuna orrankuBanHs, JEHCTBYIOHMas Ha 3apsifl ¢, CO
CTOPOHBl OLHOHMEHHOIrO 3apfjad ¢;, HANpaBjA€Ha B Ty iKe CTO-
pOHY, YTO M PajMyC-BeKTOP I, NPOBELEHHHIH K 3TOMY 3apsisy
(puc. 1II.1.1, a).

Cuaia nputsKeHus, JeHCTBYIOIAs Ha 3apsi ¢, HMEIOLIMH
JAPYTOf 3HAK, YeM ¢;, UMEET NPOTHBONOJIOKHOE HalpaBjieHHe
(puc. 11l.1.1, 6). DaekrpocraTHyecKue CHJBL OTTalKUBaAHHSN
HDHUHATO CYUTATE NOAOHCUMEAbHbIMU, CWIBL MPHTSKEHHA ~—
ompuyamenvtioinu (cp. 11.1.4.1°—4° 0 cunax MexMONEKyJaap-
Horo B3aumozelicTsus), [IpUHATEIE 3HAKU CHJ NPUTSHKEHHS H
OTTaJIKHBAaHUS COOTBETCTBYIOT 3aKoHY KyJioHa: nmpousBejeHue
OJHOHMEHHHIX 3apSAN0B SIBJASETCA NOJOXUTEIbHBIM YHCJAOM, H
Cu/la OTTAJKHBaHHs MMeeT IOJOXHTENbHEH 3Hak. [Ipousse-
JieHHE PA3HOMMEHHHIX 3apsAAOB fBJSETCS OTPHLATENLHLIM uMC-
JIOM, W 3TO GCQOTBETCTBYET 3HAKy CHJBLI NPHTAKEHHI,
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5°. 3akoH KyJona aasi B3aUMOAEHCTBMS TOYEUHBIX 3aps-
J0B WJIH 3apsKeHHBIX mapos (n. 2°) B BaKyyMe 3amHCHIBAETCH
B (opme

UL
4neyr? ?

The & — 3JeKTpuueckas nocrosunas B CHU (VIL.5.1°).

B aGco/moTHON 3JIEKTPOCTATHYECKOH CHCTEME eAMHUIL
(CIcd) (VIL.5.29)

9192

6°. Cnsa 3JEKTPOCTATHYECKOTO B3AHMOACHCTBHA TOYEYHBLIX
3apSA0B HJIH PABHOMEPHO 3apsKEHHBIX LIAPOB, HAXOAAMUXCA
B OJHOPOAHOM ¥ O€3TPAHUYHOM, Ia3000pA3HOM MJM KHIKOM
ausnextpuke (I11.1.6.1°),

— 9z (8 CH),

T 4neger?

F =%% (8 cucreme CI'CO),

TAE € — OMHOCUMeAbHA OUsLeKMpUHeCKan NPOHUYAeMOCTb
cpedot.

Benuuyna e Bcerga Oojbine e€ANHHIB U NOKA3bIBaeT, BO
CKOJIBKO Pa3 CHJIa B3aUMOAEHCTBUA MEXKAY 3apaliaMH g; # (g
B IaHHOM Cpelie MeHbilie, YeM B BakyyMme. K TBepIpiM LH3JIeKTPH-
KaM JlaHHOe BBIlLe OnpejesieHde & HeNPUMEHMMO (CM. TaKxKe
111.1.6.5°—87).

3agaua 1. Toueunnie 3apsaasl 10~% K u 10~% Kn B3aumo-
JieitcTBoBaNMM B Bakyyme c cuuolf 0,36 H. 3arem sapsansl no-
MecTH/Id B KepocuH. [l Bakyyma g;=1, IJIS KepOCHHA €,==
=2,0. Ha cKOAbKO HaA0 U3MEHUThb PACCTOSTHHE MEXNY HUMH,
yTOOBl CHJIa B3aHMOJEHCTBHSI He H3MEHUJach?

Hano: ¢,;=10"7 Kan1, ¢q,=107¢ K, F=0,36 H, g,=1, e,=
=2,0.

Hatimu: ry, rs.

. . _919s .
Pewenue: Tlo 3akony Kynona F= Tmegert’ RS o

anekTpuyeckas nocrosinsas B CH, £,=8,85-10"% &/m, g —
OTHOCHTEJbHAS [HUJIEKTPUYECKast [POHHIAEMOCTb CpPeipl.

Paccrosinue Mexy 3apsijaMu B Bakyyme r; = _4_th Z:F ’
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B KepOCHHE r, = I/Z% ; TOTJA

ey 9192 I
1 ’2“1/4neOF <1 V’PZ)’
10-7-10-0 1
—_— =— J— ~ -2
T 1/4-3,14~8,85-10‘19~0,36<1 Vﬁ>M~2 107 M

3apaua 2, C Kakoil cujioll B3aUMOJREHCTBYIOT JBa OAMHA-
KOBBIX MaJIEHbKHX IHAPHKA B BAKyyMe, ecsH OfMH Hecer 3apsif
6,0-107® Ka, a Bropo#t — 3,0-107° Ka. Paccrosnue mexny
mapukamu 5,0 cm. C xaxo#i cumoit 6yIyT B3auMOAEHCTBOBATh
3T HIAPHMKH, €CJM MX TIPUBECTH B CONPHKOCHOBEHHE M 3aTeM
yAAJuTh Ha npexHee paccTosHue?

Haro: q1—60 -10~* Ka, ¢,=—3,0:107% Ka, r=5,0 cMu=
=5,0-10"

Haﬁmu: F1~, F,.

Pewenue:
F1: g1z F _

4negr? ?

6,0.10-2.3,0.10~?

~ . -b
T 4.3,14.8,85.10-12.95.10-¢ H~6,6-10~*H.

Hlapuku GynyT npursruBathes ¢ cuaoii F;=6,5-10"% H.

Tlpu conpUKOCHOBEHNH IIAPHKOB YacThb 3apSAN0B KOMIIEHCH~
pyercd. Ha oGomX wapukax ocTaHeTcs CyMMapHeni sapsig,
paBHBl ¢§;—q.=6,0-107*—3,0-107*=3,0-10"% Ka. ror
3apsAj PacnpenenMTICs MEXAY ILapuKaMH IOPOBHY. 3apsj
Ka)¥Joro wapuka 6yner

Gs = i-E)—]—O—I(JI—ISIO"KJI

Taxum ofpasom,

F oo 0@ _ 1,6%.10-28
27 4neg-r?” 4.3,14.8,85-10-12.25.10-14

H=0,81-10"% H.
Hlapuku 6yayT oTTajkuBatbes ¢ cuiaoil F,=0,81-10"¢ H,

1.3. Jdaextpuueckoe noae. Hanpskennocrs noas

1°. Daexmpomaenumnoim  e3aumodelicmeues  HasbIBaeTCs
B3aMMOAEHCTBUE MEXAY 3MEKTPHYECKH 3apsKEHHBIMH YacTH-
LaMH M/ MaKPOCKONHYECKUMH 3apfAXKEHHBIMH TeJaMH.

Pasnen ¢unsuxu, B KOTOPOM H3Y4YalOTCH JEKTPOMarHHTHEIE
B3aMMOAEHCTBNS, HA3BIBACTCSA 54eKMPOOUHAMUKOL.

SaeKmpomasHumnbim nosem HasbiBaeTcss opmMa MaTepui,
MOCPEACTBOM  KOTOPOH  OCYLIeCTBAAIOTCH 3/6KTPOMarHuTHbIE
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B34aMMOAEHCTBHA 3apsiKEHHBIX 4YaCTHIL HJW TeJd, B 00LleM
c/lyyae JBHXKYUIMXCSl B JAHHOH CHCTeMe OTCYera.

Jaexmpuseckusm nosem Ha3hBA€TCsl OJHA M3 wacTell 3JeKT-
POMAarHUTHOTO MoJis, OCOOEHHOCTHIO KOTOPOH SIBJIAETCH TO, 4TO
9TO TIONE CO3/1aeTCH dNEKTPHYCCKHMH 3apsiaMi UJIH 3apsKeH-
HBIMH TEJaMH, a TaK¥Ke BO3AEHCTBYeT Ha 3TH OOBCKTHl HE3aBH-
CHMO OT TOTO, ABHXKYTCSI OHM WIH HENOIBHXKHBI. JIeKTpHue-
CKO€ M0Jle ONHCHIBAETCSA OfIPEJEJNeHHBIMU CHJIOBBIMU U IHEpre-
THYecKUMHU XapakrepucTiukaMul (111.1.8.1°). Ecan snekrpuyecku
3apsKEHHbBIe YACTHIBI HIN TeJ1a HeMOABUKHL B JaHHOH CHCTEMe
0TCYeTa, TO MX B3aHMOAEHCTBHE OCYLIECTBJSCTCA HOCPEICTBOM
SACKMPOCIAMUYECKO20 NOAA. DASKTPOCTATHUECKOE MOJIE sIBJIfA-
€TCs He U3MEHSIOUUMCH BO BPeMeHH (CayuOHapHbiM) J1eKT-
pudeckuM nojieM. B obmeM ciyuae 3MeKTPUUECKOE H JEKTPO-
MaTHHTHOE TIOJSi MOTYT UBMEHSATBCSA C TeueHUeM BpeMeHH (nepe-
MEHHOe, HECIMAUUORaPHOe SJCKTPHUECKOe U 3JIEKTPOMArHUTHOe
TIOJIst).

2°. CospemeHHasi (U3UKa OCHOBBIBAGTCH Ha rmeopuu OAU3-
Kodeticmsus. COrnacHo-3TOH Teopuu MepeMeHHBbe dJeKTpoMar-
HUTHBIE NOJST PACHPOCTPAHAIOTCS B NPOCTPAHCTBE C KOHEUHOH
CKOPOCTBIO, PaBHOH CKOPOCTH CBeTa, U BO3AEHCTBYIOT Ha 3apH-
JKEHHBIC YacTHIBl WM TeJa, HaXOAAMHecs B HPOCTpPAHCTBE.
KoHEUHOCTD CKOPOCTH pacnpocTpaHeHus 3JeKTPOMArHHTHbiX
B3aHMOACHCTBHH JIE2KHT B OCHOBE CNEIHANbHON TeOpUH OTHOCH-
reasioctn (V.4.2.1°).

B meopuu Oasvroledicmsus, npeanlecTBOBaBILeN TeOpKH
GIH3KOREHCTBHS, CYWTANOCh, 4YTO BCe B3auMojeHcTBus (Ha-
IipHMeD, 3JeKTPOMAarHWTHBE H I'DAaBUTALHMOHHLIE) pacnpocrpa-
HSIOTCA ¢ 0eCKOHeYHO OGOJIBbILOfI CKOPOCTHIO, T. €. OCYIIEeCTE-
JISIOTCS MTHOBEHHO, HENOCPeACTBEHHO MEXKAY 4YaCTHIAMH M
TeJaMu, YIaJd€HHBIMH ADPYr OT ;pyra. B Hacrosigee Bpems
TEOPHS JANBHOAEHCTBUS TIPEACTAB/AsIET JHUL HCTOPHYECKHH
HHTEpEC.

3". CuiioBOlI XapaKTepHCTHKOH 3/JeKTPHYECKOro NOJS fB-
JAeTcss BeKTOp E HanpsmeHHOCTH NOJSL

E=—1,
q
rie F — cusa, pefictByoomas Ha NOJOXHTEIbHBIA 3apsi ¢,
NOMELIEHHBIA B JAHHYIO TOUKY noJsl. HanpAanenHocme sarexm-
pUHeCK020 M0As B HEKOTOPOIl ero Touyke paBHA M COBHAAAET 10
HalpaBJICHHIO C CHJIOH, ACHCTBYIOMmEH HA HEMOABMKHLIN eiu-
HHYHBIH TOJIOMKUTENbHBIA ToYeUHbl 3apA («npobHbitly 3apsd).
[Ipu sTOM cuHTaercs, 9TO NPOOHBIA 3apaAl He HCKaxaer TOro
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10JI51, KOTOPOE ¢ €ro NOMOILbIO H3YYaeTcs, H npeHeGperaT ero
COOCTBEHHBIM 3JIEKTPHUYECKUM HOJICM.

4°, Cuna, neficTByloIIas Ha 3apsj ¢, NOMELEHHHH B Jo6oe
3JIEKTPUYECKOe [OJe ¢ HanpsikennocTsio E,

F=qE.

DJIeKTPUUECKOE NOJIE Ha3HIBAeTCs 0OHOPOOHbIM, €C/IH BEKTOP
ero HanpsixenHocTd E onuHakoB BO Bcex Toukax noag. Ilpu-
MepaMH TaKUX noJeH ABJASIOTCA SJMEKTPOCTATHUECKHE Mons

. PaBHOMepHO 3aps:KeHHOl Gecko-

E, 7 Heunoh maockocTu (111.1.4.4°) n

< IVIOCKOTO KOHJEHcaTopa BAajtu OT

Kpaep ero ofkaapok (I111.1.11.2°).

E, 5° Jaa rpadmueckoro k3o6-

paXeHHA  HAEKTPOCTATHUECKOrO

Pre. 111.1.2 NIOJISl NIONIB3YIOTCSH METOLOM CUJIO-

BHIX JIMHME. Cuaceoimu AuRUAMU

(AUHUAMU  HORDANCEHHOCMU)  HA3HIBAIOTCS  BOOGPAKAEMbIE

JIMHUM, KacaTelbHbie K KOTOPHIM B KamJoil TOYKE COBNAAOT ¢

HanpaBJieHNeM BEKTOPA HANPSIKEHHOCTH B 3TOH TOYKe MNOJSs

(pue. 111.1.2). Jlunnu HanpsxeHHOCTH Pa3OMKHYTHI — OHU

HAYNHAIOTCA HAa DOJIOKUTENbHBIX M 3aKaHYMBAIOTCH Ha OTPHU-

uaTesbHbiX 3apsaax. CHIOBHE JMHUM HUTZE HE NEpeceKalorcd,

T4K KaK B KaXKAOH TOUKE MO/ €ro HampsiXkeHHOCTb VMeeT

OJIHO-€IMHCTBEHHOE 3HAaYeHHe M OrpeAejieHHOe HanpaejeHue,

([Ipnmepr! cUAOBLIX JMHUH HEKOTOPHIX 3JIEKTPOCTATHYECKHX
noseit cm. 111.1.4.1° —5°)

6°. Ec/aH noJoKnTeNbHbIH 3J€KTPHYECKHI 3apAi JBHKETCS
B OAHODOJHOM JIEKTPHUYECKOM T0JIe M €ro HauaJbHasi CKOPeCThb
HanpapjaeHa BAO/b CHJIOBOH JIMHHH, TO TPAEKTOPUS JBUKEHUS
3apafa 6yneT coBNajaTb C CHMJIOBOR JMHMeH.

7°. Kaxnptil anexTpuyeckuil 3apsij CO3/4€T B NPOCTpaHCTBE
9/1eKTPHYECKOe N0JIe HE3ABHCHMO OT HaJU4YHsl APYIHX JIEKTPH-
YecKHX 3apsaoB. [Ipunyun Haroxcerusa (Cynepnosuyuul) siexms-
PUHECKUX noAel: HaNPAKEHHOCTb 3JEKTPUUYECKOrO NOJs CHCTe-
Ml N 3apsijioB paBHa BEKTOPHO!N CyMME HanpsKEHHOCTEH MOo-
JIeH, CO3[aBaEMbIX KaMJbM U3 HUX B OTAEJIBHOCTH:

N
E=E;+E,+ ... +Ey= Zl E,

rae N -— npoM3BOJIbHOE NOJIOMHTENBLHOE LEJN0e YHCTO.

8. Ecau snexTpuueckue 3apsifpl COSZAIOT NOJE B Cpele,
KOTOpasi NpeACTaBjasfeT co60H H3OTPONHHIA OAHOPOAHBLIA M-
snekTpuK (111.1.6.1°), To npy 3aaHHOM PaCNONOKEHHH S/EKT-
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PHUECKHX 3apAKOB B NPOCTPAHCTBE HANPSIKEHHOCTD JIEKTPO-

CTATHUECKOTO MOJS B TaKOH cpele B & pa3 MeHblle, 4eM B Ba-
Eo

Kyyme: E=

—=, e Eg— HanpsuxkeHHOCTD M0JI5, CO34aBAEMOro
JAHHOH CHCTeMOH 3apsloB B BaKyyMe, & — OTHOCHTeJIbHAs
IM3jekTpudeckan npoHuuaemocte cpennt (111.1.2.6°).

3agaya 1. Kanenska pognt aunamerpom 0,1 MM Haxopurces
BO B3BELIEHHOM COCTOSIHMM B Mac/e IPY HAMPSKEHHOCTH 3JIEKT-
puueckoro moas 10* H/Ksn. HanpsikeHHOCTb OfHOPOAHOTO
NOJIsi HarpaBJieHa BePTHKAAbHO BBepX. CKOMBKO 3/1eMeHTapHbLIX
3apsjoB HaxopuTcst Ha Kamse? [lnorHoere macia 8-102 xr/m?.

Hano: d=0,1' mm=10"*t w, E=10* H/Kn, p,=
=1,0-10% xr/m3, p,=8:102 xr/m% e=1,6-10"1 Ku.

Hatimu: N.

‘Pewerue: Ha Kanmo JedCTBYIOT TPH CHJBL

1) cuta Tskectd, HanpapJeHHas BEPTHKAAbHO BHHUS3,

qud®
P=mg="—20.g

2) BHITajJIKBBawIas apxumenosa cuna (1.6.2.3°) Flz%dspgg,

Hanpar/ienHas BEPTHKAJbHO BBEpX;

3) aJeKTpHyecKas CHJa, HANpPaBJeHHAA BePTHUKAJIbLHO
BBepx, [y=qE=NekE. '

Kanns Haxopurcs B pasBHOBECHHM NpH ycaoBUH P=F 4
+F,, 1. e.

d? nd? ad?® g (p1—
T 0ig =T 0.g+NeE; orciona N =T £0ed
03,1410 9,8-103(1,0—0,8)
- 6 [,6-10-1.10¢  ~

=~ 6-10° aneMeHTapHBIX 3apsAOB,

N

IIpu u3BecTHOM 3apfaje KanJju 3Ta 3a4aya [03BOJISIET Onpe-
aemutb  siementaphbiit  sapax  (I11.1.1.3°) (cxema oneima
Munanrukena no usmeperur 3apada 34eKmpoHq).

3apavya 2. Ha menkosoii HuTH BUCHT Oy3HHOBBIA HIapUK,
Mmacca koroporo pasia 0,5 r, umetowuit 3apsag —9,8-107° Ku.
Ha kakoil yroJ OTK/JIOHHTCSL HUTb, €CH [MapHK BHECTH B OJHO-
POJHOe 3JIEKTPHYECKOe MoJje ¢ HaupsaxenHocTbio 5-10* H/Ku,
HanpaBieHHOM ropusonTatsbHo (puc. I11.1.2%)?

Hano: ¢=-—9,8:10"* Kn, m=0,5, r=5:10"* &r, E=
=5.10* H/Km

Hadmu: o.

Peweriue: PaBHOBECHBIl YroJl OTKJIOHEHHS O ONpeAeHTCS
u3 ycnopus tga=F/P, rpe F=|qglE — anexkrpuyeckas cuaa,
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P=mg — CWJIa THAXKECTH, TOraa

191 E 9,8.10-9.5.10¢
mg ' 8%=TFyrgs =0l

tga =

OTKyAa =6,
3anaya 3. DrexTpuueckoe none o6pasoBaHO ABYMsT OfH-
HaKOBbHIMH Da3HOMMEHHBIMM TOYEUHBHIMH 3apsgamu 5 uKo.
Paccrosnne mexny sapspamu 10-cM. Onpenenutb Hanupsiked-

7 A q- EEp E

E:
Puc, 111.1.2* Pue. T11.1.2%*

HOCTb noJia: 1) B Touke, Jemameil nocepefyine Mexiy 3aps-
Aamu; 2) B TOUKe, Jexaled Ha NPOZOKERMH JHHHH, COEHH-
HslOWEH LeHTPH 32psajaoB, Ha paccrosnun 10 cM oT oTpuna-
TEJLHOTO 3apfjAa; 3) B TOYKe, HaxoaameHcs Ha PACCTOSHHH
10 oM or nonOMUTEBHOTO W OTPHNATENbHOTO  3ap#Aj0B
(prc. I111.1.2%%),

Hano: g;=q,=5 uKn=>5-10"* Ka, a¢=10 cM=10"1 m.

Haiimu: E 4, Eg, Ec.

Pewenue: B COOTBETCTBUY ¢ NPHHLANOM CYNEPIO3ULHKM AO-
Jefl HanpsaKeHHOCTb NOJs, CO3JAaHHOrO ABYMA 3apsiamu,
ONpeJlesisieTcss CYMMOH HanpsKeHHOCTeld NOoJeH, CO3JaBaeMux
oraeabnbiMy 3apanamn: E=E_-+E,, rae E_ n E, — Bexropn
HanpskeHHocTell nosef, cO3jaBaeMbiX COOTBETCTBEHHO OTPH-
UaTeNbHEIM H MOJCKHTEIbHBIM 3apAaMHU.

B Touke A nanpsukensoct nojeit E_ u E, Hanpasnenn
oavHaxoBo. [103TOMy MOAY/b BEKTOpa HaNPAKEHHOCTH B TOMKE
A paseH

EA = 2E+ =2E__ =
2, 2.5.10-*
T dneg (a/2y7 T 4.3,14.8,85. 1072 (10-1/2)2

B touke B nmeen |E;|=

B/M=3,6-10* B/m,

EREZJETaF; ToYka B HaXoAuTCsH
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Ha paccTOsHMA 2a oT sapsiza ¢, u |EL| =—Gq;—ag; TOTA&
0
— ’ A P S -
|Ep|=|E-|+|E\ = 4nggn?  4negda?’

|Esl= g (1= )

5.10-° 3 _ .
13,1488 10- 703 ~ 7 bM=3,4-10° Bm.

B rouke C|E;|=|E}|cosa-+|E” |cosa. Us ycnoBus sagaun
caeayer, uro |Ej1=|E’|, yron & B paBHOCTOpOHHEM TPEyroJib-
HHke pasen 60%, cos 60°=0,5. Ilosromy

F— ” p— . —————q . ——-—-—-—q
,EC]—2lE+ ,COSOL’_Q 4mey0? 0,5= 4qeya? ?

|Ec |~ 4,6-10° B/m.
Hanpaenenua BexktopoB Ep u E. yKasaHo Ha pucyHke.

|Epl=

. 1.4. Tipumepnl HEKOTOPHIX IEKTPOCTATHUYECKMX mnOJEi

1°. HanpsixkeHHOCTb  3JIEKTPOCTATHUECKOrO TNOJS  TOYey-
goro sapsna ¢ B auanekrpuke (111.1.2.6°)

=1l 4
T dnggert 1 (& CH),
E - _Q_Z I (8 cucreme CI'C2),
Eré r

Ijle T — PajnyC-BeKTOp, NPOBEAECHHHI M3 TOUYEYHOrO 3apsiaa B
HCCIEAYEMYIO TOYKY TOJS, € — OTHOCHTENbHAs AHSJMEKTpUYe-

CKasl TPOHHLAEMOCTh CPERbl, &g —
sjiekTprueckas nocrosinnas 8 CU \\1/ \i/
(V11.5.1°). Ha puc. 111.1.3, ané /l_\ \

a

13006paXkeHbl 3JeKTpPOoCTaTHYeCcKHe /T\i-

NoJiA YeAMHEHHLIX TOYEUHBIX 3a-
PSiIOB: MOJIOMHTENbHOTO (@) H

oTpuuaTeNbHOro  (6) — M yKa- g
23aHbl HanpapJ/ieHUs1 BEKTOPOB Ha- Puc. 111.1.3
npsieHHocTeli  noneit. MoayJab

BEKTOpa HanpsxKeHHOCTH NoJAsA TOYEYHOIo 3apsja

—.1 4
= Ty or? (8 CH),
E =5% (B cucreme CI'C2),

2°. HanpsiskeHHOCTb 3M€KTPOCTATHYECKOIO [OMSi CHCTEMEL
N TougUHBIX 3apANOB i, Gz, « ., qy CONVIACHO NDUHLUOY Cy-
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nepnosuumn (111.1.3.7°)

E= VL5 (5 CH),
]

E-Y 210 (8 cucreme CI'CI).

Ha puc. 111.1.4 nsoGpaxensl snekTpocTaTHdecKue NoJst ABYX
pPA3HOMMEHHEIX (@) U OAHOMMEHHBIX (6) 3apAAoB M YKa3aHbl
HanpaBJ/ieHHs CUJOBBIX JIMHHE STHX MOJeH.

N

Puc. T11.1.4

3°. HanpsixeHHOCTb  3/IeKTPOCTATHUECKOTO [MOJSA  uapa
paznyca R ¢ 3apaioM ¢, PaBHOMEPHO PacHPeAeEeHHbIM 110 €ro
MOBEPXHOCTH,
1 r
o~ (npnr=R) (s CH),

=4n£0 er?
Ezgé—; (npu r>=R) (B cucreme CI'C3),
rae r — pajiuyc-BeKTOP, NPOBeleHHbIt W3 1eHTpa wapa B
HCCIEAYEMYIO TOUKY NOJs (OCTalbHble 0603HaueHust cM. 11. 1°),
Mozynp BekTOpa HaNpsKEHHOCTH MNOJS lLapa
l
% (pu r>R) (s CH),

=Yg, er?
E= gi (npu r =R) (B cucreme CI'C).

DNeRTPOCTATHUECKOE I0Jle BHE 3apAXKEHHOro Iuapa CcoB-
fajaeT Cc NojeM TOYeyHoro 3apsia (pasHoro sapany iuapa),
nomenedsoro B uearp wapa (puc. 111.1.5). HanpsaxerHocts
3/1eKTPOCTATHYECKOTO MNOAs BHYTPU 1uapa, 3apsiKeHHOTo 10
noBepxnoctd, pasHa Hymo (I11.1.5.3%).

4°. PaBHomepHO zapspKeHHass OGecKOHeuHas —IIOCKOCTH
CO3JAE€T OJHOPOJHOE 3JICKTPOCTATHYECKOE II0/ie, MOAY/b
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HanpsXXEeHHOCTUH KOTOPOTro paBeH

- (e CH),

T 248

2n
ZT(Z (8 cucreme CI'CI),

The O — HNOBePXHOCMHAA NACMHOCTb 3aps008, paBHAS 3JIEKTPH-
HeCKOMY 3apsify, KOTODHI TOMELieH Ha eJUHHLE IVIOWAAH
NOBEPXHOCTH:

=4

o=-5.
JIMHHM HanpsKeHHOCTH NEePHeHAVKYJAApHE [jocKocTH. Ha
pue. I11.1.6 nsoOpazkeHbl SJ€KTPOCTaTHUYECKHE TOJAS Yelu-

+——
— et
<."7£__> s e
e ] e
+ T e
] —— bt P Ee ]
B RS e S S S
I B ey reu -
s [ = e e
- B
- "—';')" - U E—
“ + aalEE RN
—— —ay
] o e e
~—] + b _>> —
- —

Puc. 111.1.5 Puc. 111.1.6

HEeHHbIX PaBHOMEDHO 3apMKEHHLIX GECKOHEUHBIX TJIOCKOCTEH!
HONOKNTENbHOM (@) 1 orpunarensHoil (6).

5° JlBe paBHOMEDHO, C OJAMHAKOBOH INIOTHOCTBIO O, H
Pa3HOHMEHHO 3apsiKeHHble CeCKOHEUHble Napasyvie/bHBIE MJIO0-
CKOCTH CO3Jal0T OJHOPOJHOE 3JIEKTPOCTATHYECKOE I10J€ C Ha
IPSIKEHHOCTBIO, MOLYJb KOTOpOH paBeH

E=2 (8 CW),
B NPOCTPaHCTBE MEXAY €t

4
IUI0CKOCT AMN E==2 (8 cucreme CI'C3),

B ocTajibHoM mpoctpaHctBe E=0 (puc. 111.1.7).

6°, daexmpuueckum Ounosem HasHBAaeTCsd COBOKYNHOCTDb
JBYX paBHBIX NO BEJIHYMHE H HPOTHBONOJOXHHIX MO 3HAKY.
TOYEYHBIX 3aPSAJ0B --¢ B -—¢, PacHOJOXKEHHEX Ha PacCTOSHUH
! npyr or apyra (puc. I11.1.8). BeaencrBue T0ro, 4TOo 3apsnbl
JIUTOJIA HAXOAATCS B PasHbIX TOYKAxX IPOCTPAHCTBA, OHM He
KOMMEHCHPYIOT APYT APYra MO HanpsKEHHOCTH H KaAHH H3
HUX CO37aeT cBoe aNeKTpuueckoe noje. Ilo npunuuny cynep-
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nosuuuy  (I11.1.3.7°) HanpsIKEHHOCTb 3JEKTPOCTATUUECKOTO
NOJIS JMIOJIst PaBHA CyMMe HaNpsKEHHOCTEH mnoJed, cosia-
BAEMBIX KaKjbiM U3 3apsijioB Aunonasi. Moayab BexTopa Hanps-
WEHHOCTH B Touke O, JOCTATOYHO YJAJICHHOH OT JuNOJs

r>10) (pvc. III.1.8),
E= ¢V 3cos? ¥+ 1 (8 CH),

= 47re 8r3
= EPT% V' 3cos?§ + 1 (B cucreme CI'C).

37ech P — MOAYJ/b BEKTOPA P, 5ACKMPUHECKOSO MOMEHMA Ou-
noas:

p.=gql

Bekrop | Hanpas/eH no ocy AUNOAA OT OTPHUATEALHOTO 3apsja
K T0JOXKUTEIbHOMY .

=.0.
Eg
+
+
]
+
Puc., HIL1.7 Puc. 111.1.8

7°. JlBa 3MEKTPHUYECKHX AHIONS C MOMEHTAMH Per H Pes,
pAaciioNOXKeHHbIX BAOJb OJHOH OCH, B3aUMOUECHCTBYIOT (puTsi-
TUBAIOTCS WJIH OTTAJKHBAIOTCSs) MYy CO0OH ¢ CHJIoH

GPelpez
F= 4'[oor4 ?

[Jie r — pacCTOsIHUE MEXAY LEHTpPaMu AMNOJEH, mpuuem r>l,
{ — nnuda aunoas. Ecam punosu. obpaimeHs! APpyr K Apyry
PA3HOMMEHHBIMH 3apsajaM#, TO OHH Hpurarusarorcs. B npo-
THBOIOJIOKHOM CJ1y4ae [POUCXOAUT OTTANKHBAHHE JUMOJeH.

3agaya 1. [foBepxHOCcTHAasi NJOTHOCTb 3apsia Ha paBHO-
MEpHO 3apsiKeHHoM wmape 6,4-107% Ka/m®. Onpenennts Ha-
NPSKEHHOCTD 3JCKTPHYECKOTO MOJIA B TOYKE, OTCTOSLIEH OT
LeHTpa wapa Ha 6 pa}myCOB.

Hano: 0=6,4-10"¢ Ka/m2, r=6R.

Hatimu: E.

Pewenue: DnexrpoctaTiyeckoe rnose 3apsueHHOro 1o o-
BEPXHOCTH [Iapa BHE iuapa aHaJOTHYHO MO0 TOYCHUHOro 3a-
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PsiAa, PacrnoNOXKEHHOTO B €ro UeHTpe!

E —

4meer?’

3apsap Ha mape g=0S=04nR?, rae R — pajuyc wiapa,
e=1; Torma

E— o4nR? o E— 6,4.10-8

_ 64.107° ~ 2.0.10?
Zne,e36R® 368, ° g8 10-15.35 bM~ 2,0-10°B/u.

Sanaqa 2. Kakasi cuna pefictByer Ha 3apspy 0,1 uKa,
NOMEIEHHBI B ROJie PaBHOMEPHO 3apsiKeHHOH IJIOCKOCTH ¢
I0BEPXHOCTHOH IIOTHOCTHIO 3apsaaa 107% Kn/m?? OrHocurenn-
Has JAU3JEKTPHUecKas NPOHULAEMOCTh Cpelbl e=5.

Jarno: ¢=0,1 sKa=1.10"* Kna, 6=10"% Ka/m?, e=5.

Hadmu: F.

Pewenue: Cuna, peficteyowiasi Ha sapspn, F=qE, rie E —
HanpsKEHHOCTh MOMs, CO3JABAEMOI0 PaBHOMEPHO 3apseH-
HOH mnaockocThio, E=0/2g,e. [loaTomy

o 10-10.10-5 -
F=qg, F=ggaroagH=11310"H.

3apaua 3. [Ieuinnaga maccoww 2,0-107!? r B3BellieHa B BO3-
JyXe MeXAY ABYMS FOPU3OHTANbHBIMH Pa3sHOMMEHHO H paB-
HOMEPHO 3apsiEHHBIMH NJacTHHaMH. HanpskeHHOCTb moas
IJACTHH HanpaB/ieHa BEPTHKalbHO BEepX. 3apfi NBIHHKH
paBeH NSTH 3jeMeHTapHHM 3apsjaMm. OnpelenuTb 3apsi Ha
naactuHax. Ilnomags Kaxaol naactuabl 100 cm2.

Hano: m=2,0-10"12r=2,0-10"1% kr, ¢=1,0, ¢g=5-1,6 ¥
x 1071 Kn=8,0.10"* Ku, S=100 cm?=1,00-10"2 M2,

Hatimu: Q.

Pewenue: TIhnaKa HaxoAaHTcs BO B3BEIIEHHOM COCTOSIHMH
npu ycaoeun P=F, rne P=mg nw F=qE. Hanpsaxennocrpb
MoNsi ABYX PABHOMEPHO 3apsuKeHHBIX TIviacTHH E=alee,
rae 6=Q/8S.

Orcrona
Q_—-esS
Q=2 1,0 8,85:1075.1,00.107* Ka ~v

~2,2-10~¢ K.
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1.5. [1poBofHHKH B 3JIEKTPOCTATHYECKOM HOJE

1°. [1poso0HuKami Ha3pBAIOTCA BEILECTBA, B KOTOPHIX MO-
WET NPCHCXOLUTL YMOpsACUEHHOEe TIepeMelieHHe 3JeKTpHue-
CKHX 3apsAj0B, T. €. OCYIHIECTBJATBCS IEKTPUYESCKHA TOK
(I111.2.1.1°). TIpoBosHuKaMH BJISIOTCA METAJ/bI, BOAHLIE pact-
BOPHI COJIEH, KHUCJIOT U JP., UOHH30BAHHbIe rasbl. [lpu obpa-
80BAHHHM MeTA/Jia BaJIeHTHble 3JIEKTPOHBl B3aUMOAEHCTBYIO-
IHX APYT C APYroM aToMOB OTIIEN-

AW” JASIOTCS W CTAHOBATCA CB0600H6LMU
s ., (0606u4ecm3)/zemmmu, xowe(xmueusu-
POBAHHbIMU) NEKTPOHAMH (32eKmpo-

s HoL npogodumocmu Memaariog).
s Egx 2°. Ec/u MeTa/IHyecKui 1pOBOJ-

E S 0055 HUK TIOMECTHUTDb B 3/IEKTPHYECKOe II0-
7 | E., 7€ TO NOL JEACTBHEM STOFO MOJs
B2 4 Ha TENJIOBOE, XA0THUECKOE ABUMKEHYE
R 3JIEKTPOHOB MPOBOJHMOCTH HaNOMMUT-
Z ZL =€ c ¥X YNOPSAOUEHHOE ABMIKEHME, M

7 OHM GYAyT MEPEMEllaThCsA B Hanpap-

b 4 JIEHMH, IPOTHBONOJONHOM HAIP fIKeH-
Puc. H1.1.9 HocTH noJifl. Hanprwep, B npoBoxHu-
Ke, [IOMeLieHHOM BO BHEiiHee OfHO-
POJIHOE ICKTPUUECKOE II0JI€ C HAlPsXKeHHOCThI0 E,, 3/1eKTPOHB
Oynyr nepememwarbcs cinpasa Hageso (puc. 111.1.9). Ha no-
BepXHocTH AB 1pOBOAHHMKA NOABHTICA H3OBITOYHBIH OTpHUA-
TeJIbHBIA 3apAf, HA noBepXHOCTH CD — H3OBITOYHBIA 110JT0KH-
TeAbHLl 3apsia. 3apsiipi, NOSBJAFIOWNECA HA MOBEPXHOCTHX
NpOBOAHUKA, CO3AAIOT BHYTPH HEro BHYTPEHHEe 3/1eKTPHYecKoe
T0Jie, BEKTOpP HANPsKEHHOCTH KOTOPOoro E; Hanpas/eH npoTu-
BOIIOJIOXKHO BeKTopy E,, HanpsKEeHHOCTH BHEUIHETro 3JEeKTpPH-
yeckoro noJsi. Pesyabrupyioliee 3jeKTPUYECKOe MOJE B HPO-
BojiHuKe Gyner uMerhb Hanpskennoets E=E,,+E;, ymenbuien-
Hy10 110 MOAYJ0 1O cpaBHeHuio ¢ E,.
IE‘=‘E3,‘|—IE[|
Tlpu ycaosuu |E, |=|E;| cuna, aeficTeyomas Ha 3/1eKTPOHBI
[IPOBOMMOCTH, CTaHeT PaBHOR HYJIO, H YHNOPAJOYEHHOE mepe-
MellleHHe 3apaj0B B IPOBOAHUKE NPEKPaTUTCS.
3°. Tlox pmeficTBHEM BHEILHETO 3JEKTPOCTATHUECKOIO 10JIs1
9/IEKTPOHBI NPOBOAUMOCTH B META/JJIHUECKOM (IDOBOJHUKE Te-
pepacnpefeNsioTCs TaK, YTO HalPsIKEHHOCTb Pe3yAbTHPVIOWEro
1oJ19 B JioOOH TOYKe BHYTPH NPOBOJAHKKA PaBHA HYJIO; HEKOM-
NICHCHPOBAHHBIE 3apsbl PAClONAraloTCA HENCABHAKHO TOJAbKO
HAa €I'0 NOBEPXHOCTH,
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4°, SIsnenne nepepacnpeaesenns 3apsaoB B IIPOBOJAHHKE BO
BHEIIHEM 3JIEKTPOCTATHYECKOM FOJe HAsHIBAETCSl 9AeKMmpocma-
museckoti unoykyueti. OHO COCTOMT B PasiieNeHHH MOJOKUTENb-
HBIX M OTPHUATENBHBIX 3apfAJ0B, KOTOPHIE COREPHKATCS B NPO-
BOJIHNKE B OJHHAKOBHIX KOJWYECTBaX. 3apslbl, paz/efeHHbe
3JEKTPOCTATHYECKHM MOJEM  (HageOeHHble, UHOYLUPOBAHHbIE
3apadel), B3AaHMHO KOMNEHCHPYIOT APYT ApYyra, €cii NPOBOA-
HHK ypaiseT n3 nons. Ilpu
3TOM BOCCTAHaBJMBaETCs
OOLIYHOE COCTOSHHE MeTas-
JINYECKOro TEEpPHOro TeJa.

5°. EcJaM BHYTpH NPOROJ-
HMKa HMEeTCA HOJOCTb, TO
B 5TOH MOJIOCTH HanpsKeH-
HOCTb 3JIEKTPOCTATHYECKOTO
nojisi paBHAa HYJIO He3aBu-
CHMO OT TOro, Kakoe noJje Pue. 111.1.10
UMeercsi BHE NPOBOJHHKA
U Kak 3apsikeH NpOBOAHWK. BryTpennss mnosocts B mpo-
BOJHMKE SKPAHNPCBaHA (3alHII€Ha) OT BHEIHHX 3JEKTpOCTa-
THueCKHX noJeil. Ha srom ocHOBaHa saekxmpocmamusecKkas
3awuma; ecni npuGop OKPYHEH 3aMKHYTOH MeTalIiuecKol
MOBEPXHOCTEI0, TO HHKAKKHe BHELIHHE 3JEKTPUYecKHe MNoJs Ha
sToT npubop neficteoBaTh He 6yAyT. OGBHYHO AJsi STOrO wuc-
nosb3yercs 3aseM/eHHasi MejHas CeTKa, UTpawomas posb
sKpana. [loTeHnuan skpaHa COXPaHALTCS PaBHHLIM IOTEHUHANY
Seman (111.1.8.4°%).

6°. Bo Bcex TOuUKaX NOBEPXHOCTH 3apSKEHHOrO HPOBOJ-
HUKa HanpskKeHHOCTb 3J1EKTPOCTATHYeCKOro MoJif MepIieHAH-
KyJisipHa K nosepxHocTH. Ecan Ob 3TOTO RHe GBIIO B CyLIeCTRO-
Basia Gbl HEKOTOpAasl KacaTeNbHas COCTABJAIOWIASA HanpsikKeH-
Hoctn E., HanpaBsieHHast BJOJb NOBEPXHOCTH AB 3apsiken-
HOTO [POBOJHUKA, TO CHa BhI3Ba/a 6Ll NepeMelieHUe 3MEKTPU-
uecKuX 3apaioB Biosb noeepxnoct (puc. I11.1.10). Ho sto0
IPOTHBOPEUHT HeOOXOAUMOMY PaBHOBECHOMY PpacnpelesieHHIo
3apsifloB Ha IOBEPXHOCTH 3apsKeHHOro npoBoinuka. Crexo-
Bareawno, E.=0 n E=E,s~0, rue E, — HopMasbHas (mep-
NEHANKYJAPHAS K II0OBEDXHOCTH) COCTAB/IANINAA HalpAXKeH-
HOCTH 3JIEKTPOCTATHUECKOTO TOJfA.

7°. Bo Bcex TOYKax BHYTPH 3aPSXKEHHOTO NPOBOAHUKA €ro
norennuat @ oaunaxos (111.1.8.1°). IloBepxHocTh 3apskeH-
HOTO npoBORHHMKA fABJAETCA SKBHNOTEHLUHAJDHOH MOBEPXHO-
creio ([11.1.9.2°).
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1.6. JIH3JEKTPHKH B 3JEKTPOCTATHYECKOM MOJe

1°, Jusrexmpuxkamy HA3BIBAIOTCS BELIECTBA, KOTOpPblE He
nposoast asekrpuueckufi toxk (I111.2.1.1°). B ausnexrpukax
NPAKTHYECKH OTCYTCTBYIOT cBoGoanble saextpoHst (I111.1.5.1°)
W YIOPS/I0YEHHOE IBHXKEHHE 3JIEKTPUYECKHX 3apsiioB B oObiy-
HBX YCJHOBUSIX HEBO3MOXKHO. [lH3/EKTPHK CTAHOBHTCS [POBO-
JAUIEM B TeX C/yyasiX, KOrjia K HeMy NpUJIOKEHO BechbMa Bhl-
cokoe mnpodusHoe Hanpsikenue (I11.2.3.4°). 210 spaenue
HasblBaeTcss npoboem dusaexmpura *).

K nu3/eKTpHKaM OTHOCSITCA HEKOTOpbie TBEPALIE BEllecTBa
(creksio, papdop u Ap.), KHUAKOCTH (XMMHYECKH YHCTas BOJa,
CH,Cl u np.) u rasut (H,, N,, CCl,, NH, u ap.).

JIM3/IeKTPHK Ha3bIBaeTCsi OOHOPOOHLIM W US0MPONHbIM,
ecJid BCE ero CBOMCTBA OJUHAKOBHL B J1000H TOUKe oOmeMa hu-
3JEKTPHKA W HO BCEM HANPaBJEHUAM BHYTPH JHAJIEKTDHKA,

* BasenTtHbie NEKTPOHB! B aToMax AHUIJNEKTPUKOB IMPOYHO CBsI-

3aHBl CO CBOMMH AAPAMH H B OOLIYHBEIX YCJAOBHSX HE MOTYT OT-
1HENJSITECST OT HHX.

2°. MouseKyJIbl AHUKTPUKA JIEKTPUUECKH HEHATPaJbHBl —
CyMMApHBIE [MOJIOXKHTENbHBIE 3apPAAbl X fAEP H OTpPHIATE/b-
Hble 3apsifibl BCeX 3JEKTPOHOB paBHBI APYr Apyry. U3 sroro,
OZHAKO, HE CJeLYeT, YTO MOJEKYJLl AHJIEKTPHKa He obnajia-
0T 3JIEKTPHYECKMMH CBOHCTBaMH. MOJIEKYJBl JU3JEKTPUKA
CO3/AI0T JIEKTPUUECKOe I10JIe, SKBUBAMICHTHOE IIOJIO 3JieKTPH~
YeCKOro AUNOJsi ¢ 3JEKTPUUCCKHM MOMEHTOM P., paBHbM ¢l
(Qunoastoil momenin morexyan) (111.1.4.6°), rme g — noso-
WUTeJAbEBIH (WM PaBHBIA eMy OTPUUATENLHBIA) 3apsif MoJe-
KyJei, [ — paccrosHue Mexuy uexrpamu Mace (1.2.3.4°) mo-
JIOXKHTEILHBIX ¥ OTPHIATENbHBIX 3aPSAL0B.

3°. B 3aBHCHMOCTH OT CTPOEHHSI MOJEKYJ pPasIH4aiorcs
noasipHole W Henoaapusle Oudiexmpuxu. Ecaum B OTCYTCTBHE
BHEIIHEro 3JeKTpuyeckoro nods ueHrpsl mace (1.2.3.4°) no-
JOXKHTEILHBIX H OTPHUATENbHBIX 3apsijioB B MOJeKyje ju-
3J]€KTPHKA COBNAAAIOT, TO OH Ha3bIBAETCH HENONAPHHM. B oT-
CYTCTBHE BHEUIHETO 3JEKTPHUECKOrO MOJA AUMOJbHBIA MOMEHT
MOJIEKYJIbI HEMOJISIPHOrO AU3JIEKTPHKa paseH HyJ/mo. Hampumep,
B aToMe BOJIOPOJA 3JIEKTPOH JBHXKETCH N[O opbuTe c Takol
6OJIbILOA 'CKOPOCTBIO, YTO B CPEJIHEM €ro MOoJOXKEeHUe COBIa-
AaetT ¢ syupom — nporoHoM. Ilostomy 1=0 (u. 2°) u p,=0
(puc. I11.1.11, o). Ecnu xe aTtoM BOOpOAA NOMECTHTL BO

*) HpoBoaumocTs BUMEKTPHKA MOKET GHTh BHIBAHA H Barpesas
HHEM ero JO BHICOKOH TemmepaTyps.
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BHe[IHee 3JEeKTPUYecKoe mosie, TO OHO OyAeT AEACTBOBATH HA
ANPO ¥ FNMEKTPOH C CHIAMH, MOAYADb KoTopuix F=eE. Hanpas-
JaeHuss BektopoB F cui, peficTBYIOIHX HAa SAPO M EKTPOH,
6yayT nporuBonoNoxHH. B pesyabtate mpousofiner aedop-
Mauus 3JEKTPOHHOA OpOMTH, H HEHTPH MACC SJMEKTPOHA H
snpa cosnaaath ne 6yayt (1s£0) (puc. 11L.1.11, 6). Bosnuk-
HeT Haselennbid (UH--
Oyyuposannod)  Ou-
nOAHLIL  sAeKmpuue-
CKULL MOMeHM, MOAYJb
kotoporo p.=el, rae
£ — a6CoMIOTHOE 3HA-
YeHue 3apsija MEKTPOo-
Ha. Tlogo6Ho aromy
BOOpOona BeayT ceba
BO BHEUIHeM 3/IeKTpH- Puc. TILL.11

YeCKOM MOJIe MOJIEKY-

ALl BCEX HeNMOJsIPHBIX ZHAeKTPHKOB. IIpH BHeceHMM Takux
AW3JIEKTPUKOB BO BHEILHEE 3/IeKTPHYECKOe M0JIe B MOJIEKyJAax
(aromax) npoucxopur gepopmauHs H BO3HHKAeT HHAYUHPO-
BAHHHY JUOONBHBIA VIEKTPHUUECKUH MOMEHT MOJeKya. Mo-
NAEKyJabl HeNONAPHHWX JHIIEKTPHKOB B 9JIGKTPHYECKOM MoJe
MO0 CBOMM 3JIEKTPHYECKMM CBOACTBAM MOAROOHB uHOyyuposas-
HOIM, Keasuynpyeum Ounossm.

4°, B MONIeKy/1ax MOsIPHBIX AHUSJIEKTPHKOB fAfpa H JEKTPo-
HBl PACUONOKEHBI TaKUM O6PasOM, 4TO LEHTPHl MACC MOJOMKH-
TENbHBIX U OTPHUATENbHBIX 32-
pagoB He coBmapar. Takue
MOJIEKY/Ibl,  HE3aBHCHMO  OF
BHEIHHX SNEKTPHYECKHX [0-
neit, Beayr cels KaK acecrmiue
Ounoau, obnajaomue JaeKTpu-
YeCKHM MOMEHTOM, MOAYJb KO-
TOPOro p. nocrosiex (I=const).
. Hanpumep, B monexyne H,O,
CxeMaTu4ecKd u300paxceHHOR Ha puc. I11.1.12, uenTps macc
NOJIOKHUTE/IbHLIX 3aPANOB AAEP TPEX aTOMOB M BCEX MX HIEKT-
POHOB pasABHHYTH, MoJieKy/Ja BOAW 1O CBOHM 3JIEKTPHUE-
CKHUM CBOHCTBaM MoAOGHa BecbMa BHITSHYTOMY JKECTKOMY IH-
TIOAMO.

Ecnu nonsipHut AHSVIEKTPHK He nOMelU(eH BO BHEUIHee Je-
KTPUYeCKOe MoJjie, TO TeMIOBOE XaOTHYECKOE JBHIKEHHE Mone-
KYA ¥ UX HenpepouiBHHE COYAAPeHHs APYr C APYIOM [PHBOAAT
K TOMY, YTO B PACHO/ONKECHHH MECTKHX AHNOAeH OTCYTCTByeT

Pac. IIL.1.12
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Kakan-nu60 ynopsaoueHHOCTb. Beerza Haliayrca aunoas,
SJIEKTPHUECKHE TI0JIA KOTOPHIX GYAYT MMEThb ‘HaNlPAKEHHOCTH,
HanpaBJEHHBE B NPOTHBONONOMXHELE CTOPOHbL. Hoaromy, xora
KaxaAul aunonn u cospaer csoe nose (111.1.4.6°), cymmapuas
HanpAXKEHHOCTL MoJA BceX fumojed AuanekTpHka Oyner no

npusnuny Hajoxenus noneit (111.1.3.7°) pasna nymo.
5° Ilpn BHECeHHH [UJIEKTPHKA BO BHEIHEE 3JIeKTpHYe-
CKOe noJie NPOHCXOAUT ero noasipusauus. lHoaspusayued Ou-
saekmpurxa HasbiBaercs IMepeXof ero B T4aKO€ COCTOSHHE,
KOTZla BHYTPH Masoro ofbeMa BeIecTBa FeOMeTPHYecKas CyM-
Ma BEKTOPOB IHMOJBHHIX 3JEKTPHYECKHX MOMEHTOB MOJIEKYJT
‘ OKa3blBaeTCsi  OTJINYHOH

A —5—» IH or Hyas. JluanekTpuk,

S RS Bo B ks s as) B KOTOPOM IPOH30MIIA

_i___': gogogogogoooo _  Tonspusauus, HasbiBaer-

O 0 0. 0. 0.0 C noARpuU30earHoim. Me-

+107070700°0 0|~ xauysm ssrenns noms-

B ji} pH3alMH pasfiuyeH AJIA

Puc. 111.1.18 HeNoJIAPHBIX M MOJIAPHBIX
JH5JIEKTPHKOB,

6°. EciH ONHODOAHH HEMOJNAPHHIE JHIJIEKTPHK BHECEH B
OAHOPOAHOE SJIEKTPHYECKOE TOJe, BEKTOp HanpsxeHsoctd E
KOTOpOro HampasJieH, KaK noKasaHo Ha puc. 111.1.13, To B
MOJIEKYJ/IaX JU3JIEKTPHKaA NPOH3OHJET CMEIEHHE MOJIOKUTENb-
HHX ¥ OTPHLATENbHLIX 3apaxoB. Ha nosepxnoctax AB u CD,
OI'PaHHUMBAIOMIMX JHSJEKTPHK, TNOABATCA  JIEKTpHUECKHE
nOBEPXROCMHbIE C8A3aHNbE 3apAdl. BOSHHKHOBEHHEM NOBEPX-
HOCTHHIX CBSI3aHHHIX 32PfAJZIOB Ha NOBEPXHOCTAX JH3JEKTPHKa,
BHECEHHOTO BO BHEIIHee 3/JeKTPHUECKOe MoJie, xapamepnsy-
€TCsl sIBJIEHHE NONAPH3aLHH.

CBA3aHHHIMH NOBEPXHOCTHbIE 3aPSAB HASHIBAIOTCS MOTOMY,
YTO OHH HOSBJASIOTCA B pesyJbraTe JeQOpManiH MOJIEKYA
AUIEKTPHKA H HE MOTYT ObITb OT HMX OTOPBaHH (CpP. CBOGOA~
HbIE 3apsibl Ha NoBepXHOCTH npoeoiuuka (I11.1.5.2°%). Cea-
SaHHLIE 3apALLl HE NPOABIAOT cels BHYTPU M060ro ofvema
AV3JIEKTPHKA: CYMMapHBI SJEKTPHUECKHH 3apsii MOJNEKYJa B
sToM ofbeme paBeH Hymo. Ha nosepxuoctax AB un CD mn-
SJNEKTPHKA CBfA3AHHBIE 3aPsAbl OKA3HIBAIOTCH HECKOMIIEHCHPO-
BaHHEIMH M CO3JAIOT COGCTBEHHOE 3JIEKTPHYECKOE IO CaMOTo
RH3NeKTpHKA. Bexrop E; HanpsikeHHOCTH 3TOrO noJs Ha-
npaejeH BHYTPH o0beMa IMINEKTPHKA B CTOPOHY, IPOTHBO-
NOJIOKHYIO Hanpas/eHHIO HanpsKEHHOCTH BHELIHETO 3JIEKTPH-
YECKOro noJisi, BHI3BABINETO siBJiEHHE nosspusanuu. I[losromy
pesyAbTHpYIOLIEE SJMEKTPHYECKOE NOJIE B OXHOPORHOM H3OTPOM-
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HOM fH3JIEKTPHKE HMEeT HanpsKEeHHOCTh B & Pa3 MeHbUIYIo,
yem B Bakyyme (111.1.3.8°).

[Monspusauus AUINIEKTPUKA C HEMOJASPHHIMH MOJEKYJ/amH,
COCTOSIIAA ‘B BOSHMKHOBEHHH Y MOJIEKYJ UHAYUHPOBAHHOIO
SJIEKTPHUECKOrO JUNOJBHOrO MOMeHTa (nm. 3°), HasmIBaeTcs
snekmponnoll unu depopmayuontod noaspusayued. Tlonspu-
3alHA 3TONO THNA He 3aBHCHT OT TEMNEPaTyphl JUJIEKTPHKA.
VHTEeHCHBHOCTb TEIVIOBOTO JBHIKEHHS MOJIEKY/ He BJHSET Ha

FrgE
P. P
PO, ~ £ oD
E & D
F=gE E
7KL P
Puc. I11.1.14

BO3HHKHOBEHHE HMHIYLUHDPOBAHHBIX AMMONLHEIX 3JEKTPHYECKUX
MOMEHTOB MOJIEKY.I.

7°. Ha Kaxasiit M3 3apsfioB xecTkoro aunoaf (n. 4°),
BHECEHHOTO B OJHOPOJHOE SJEKTPUHYECKOe moJje C Hamps-
xennoctoio E, 6yAyT AeficTBOBATL paBHBHE MO MOAYJIO CHJIB!
F; u F,, HanopaBjeHHbe B NPOTHBOIOJNOMHEIE CTOPOHB
(puc. II1.1.14, a). Ounu cosganyr wmoment cuamt (1.3.1.4°),
CTPeMAIUACA NOBEPHYTh KECTKHH AUNONb TaK, 4TOOB BEKTOD
€ro JUIOJBHOrO 3JEKTPHYECKOrO MOMEHTa P, Ob1 HampaBJex
rapaJ/iIe/IbHO BEKTOpY HanpsikeHHocTH noast (puc. 111,1.14, 6).
TIpu BHeceHMH OAHOPOZHOrO MOJAAPHOIO AUIEKTPHKA BO BHEL-
Hee ORHOPOZHOE 3JIEKTPHUECKOE MoJie KaXias MoJeKyJa —
MECTKHMH JUNOAb — OYAeT HCIHTHBATD OPUEHTHPYIOLICe BJHUS-
HHe roasl H OyJeT CTPEMUThCA MOBEPHYThbCH, KaK YKas3aHO Ha
puc. III.1.14, 6. Temnosoe, XaoTHYecKOe ABHIKEHHE MOJIe-
KyJl NOJIAPHOTO JHSNEKTPHKA NPEensiTCTBYeT MOBOPOTY AHMMO-
Jelt Broabp HanpstkeHHoctH nojs E. Ilpu BecbMa CHIIBHOM
BHEIIHEM 3JIEKTPHUECKOM noje *) OpHEHTHPOBAHHOCTbL IKECT-
Kux junoyieit 6yaer HanGonabieli. (Biausnue TenJIOBOro ABUKe-
HUSA NPH BECHbMA CHABLHEIX TOASX CBEAETCA AWML K TOMY, 4TO
JMIIOJH, OPHEHTHPOBAHHbIE BJOJb HAMPaBJAEHU HAOPSIKEH-
HOCTH noJifl, GYAYT «IpOKaThb».)

*) KoaHuecTBeHHAA OLEHKA CHABHOrO M caa6Oro 3MeKTPHYECKOro

;o.nu He MOXKeT GHTh AaHA B CIPABOYHOM PYKOBOACTBE NO BEMEHTAPHON
H3u Ke.
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Ha rpannynnx nosepxsoctax AB n CD- nonspH3soBaHHOTO
AM3JIEKTPRKA BO3HMKHYT HECKOMNECHCHPOBaHHHE, CBA3aH-
HbHl€ JIEKTPHYECKHE 3apsabl  NPOTHBONOJOXHEIX  3H3KOB
(puc. 111.1.15, a). [pu o6biuHLIX, HE CAHLIKOM CHJIBHBIX BHEM-
HUX SJIEKTPHYECKHX NOJAAX GYAET NPOHCXOAHTH NPEHMYLIecT-
BeHHas OpHEHTanusa AuMNoNedl BAOJb HANPAXKEHHOCTH 10/ M Ha
noBepxHoCcTAX AB ¥ CD BO3HHKHYT CHA3aHHHE JIEKTPHUECKHE
3apsjbl B MeHblieM Koauuectse (puc. 111.1.15, 6), uem B cay-
yae CHJbHOrO nojs. CesisaHHbe 3apALH B NOAAPHOM AHIIEKT-
puUKe, KaK M B clyuae HENnoJspHOro IHIJNEKTPHKA, CO3AAI0T

A
&40 0 &
E ©1© 69 &
—— G0 O Ca
&10 O Og
o0 &0 g
4 ]

Puc. 111.1.15

co6cTBeHHOe anexTpuueckoe nose (n. 6°). Ilonspusanus onu-
CaHHOTO THNA Ha3HIBAETCA OPUEHMAYUOHHOU nosspusayued.
OpHeHTanHOHHAA NOAAPH3ANKS YMEHbHIAETCA C IOBHINIEHHEM
TEMIIEPATYPHL.

8°. B TBepABIX KPHCTAJJIHYECKHX Au3NeKTpuKax Tuna NaCl,
MMEIOIHX HOHHYI0 KpHcTalinuecKyio pewerky (11.7.1.2°)
BO3MOXKHA UOHHAA noaspusayus. OHa 3aK/II093eTca B TOM, YTO
NpH BHECEHHH TaKHX AH3JIEKTPHKOB BO BHEIIHEE OXHOPOAHOE
3JICKTPHYECKOE TOJI€ IOJIOKHTENbHbie HOHBl PEIeTKH CMe-
M2J0TCA B HanpaBJieHHH BEKTOPa HaNPSKEHHOCTH Tojs, a oT-
puLarelbHHe HOHbBl — B NPOTHBONOJIOXKHYIO CTOPOHY.

9°. Ocolyi0 rpynny KPHCTA/UIMUECKHX AH3JEKTPHKOB CO-
CTaBJIAIOT Ce2HeMosAeKmpPuUKU, Ha3BaHHHE TaK NO NepBoMy 06-
HapYJXEHHOMY BeLIECTBY 3TOFO THIIA — CETHETOBOH COMH
(NaKC,H,O, -4H,0). CerneroaiekTpuku 00/aJal0T OrpOMHbi-
MH SHaY€HHAMH OTHOCHTEJILHON AHIJEKTPHUECKOX NpOHHIae-
MOCTH &, 3aBHCsllefi OT HanpshkeHHOCTH E sjekTpuuecKoro
n0Ji, B KOTOPOM HaXOAMTCS BEIECTBO *).

*) Ilas  cerneTossieKTPHKOB HENPHMEHHMO NOHATHE 06 &, BBe-
sennoe B 111.1.2.6°. Hudopmauua o NpaKTHUETKH BaXHHX cBoficTBax
CETHETOSJEKTPHKOB BHXOAHT 92 PAMKA JIAHHOTO CHPABOYHOTO PYKo~
BOJCTBA.
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1.7. PaGoTa CHA SJAEKTPOCTATHYECKOTO NMOAA

1°. Cuna F, pefictsyioman Ha sapsp ¢', HaXojsuufics B
3JIEKTPOCTATHYECKOM HOJIe ¢ HanpsukeHHOCTbio E, paBHa F=
=q'E. Dnementapnas pabora AA (1.5.1.1°) cunst F npu ne-
pemeweHnH 3apsfa ¢’ Ha Al

AA=F-AM.cosa=q'-E-Al-cosa,

rie Al — moaynb BeKTOpa 3nmeMeHTapHoro mepemeuenus Al
(1.1.2.1°), @ — yron mexay HanpasneHusmu Bektopos E u
Al (puc. I11.1.16).

2°. Pabora npm nepemenmeHHHM 3apsaga ¢ MeXAy AByMA
ToykaMH B u C 3M€KTPOCTaTHYECKOTO mNOJA paBHa CyMMe
aneMenTapHHX pabor (puc. 1I1.1.17):

A=AA;+AA+...=2¢ -E; Al cosa,.
{

[Mpumep 1. PaGora A npu nepememieHHH NOAOKHTENb-
HOro 3apfifia ¢ B OAHOPOZHOM MoJe C HanpsnkeHHOCTbio E
Mexay toukamu I u 2 paBHa

A =—qE (x,—x,)\
TAE X; M X3 — KOOPAHHATH ToueKk I u 2 mo ocu Ox. 3HaK Mu-

HyC MOKaspiBaer, YTO HanpasneHus cuibi F=¢E u nepemeue-
HH#A BAONB OcH OX NPOTHBONONOKHK ApyT Apyry (puc. I11.1.18).

di

)

AP - r
F=¢’'E Qq 7
14 “ A
7 4l < 4 »
Puc. 1I1.1.18 Puc. IIL.1.17

Mpumep 2. PaGota A npH nepemeuieHHH TOYEUHOrO
sapsina ¢ Mexay Toukami B u C B 5/1€KTPOCTATHYECKOM 0OME,
CO3JAaHHOM TOYEYHHIM 3aPAAOM ¢,

A=;§'%;-e(;';—;‘;) (8 CH),
A=% (L-i) (e cucreme CI'C3),

TAe rj U ry— paccronHua Touek B n C or 3apama ¢
(puc. IIL.1.17), e, — sneKTpUYECKAA NOCTOAHHAA B CHCTEME
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CH (VIL.5.1°), & — orHocHTesIbHas AWINEKTPHUECKast Npo-
wnnaemocts (I11.1.2.6°).

~ 8°, PaGora no nepeMemeHnio 3JEKTPHYECKOTO 3apsijia u3
OAHOA TOUKH 3JEKTPOCTATHUYECKOTo Nojg B APYTyi He 3a-
BHCHT OT GOpMBI NYFH, @ 3aBHCHT JIHINb OT HAYaJbHOrO M KO-
HEYHOTO NOJIOXKEHHH 3apsfa (CBOACTBO nNOmeHyuaisHocmu

y saexmpocmamuseckux cur). Tax, B

- E $ npumepe 1 pa6oTta npu nepeMenieHnH

Py sapsja no nytd I—2 paena pa6oTte

7/ no nyru I—3—2. B npumepe 2 pastbl

7 A paboThl 1O nepeMelneHHIo 3apsaia -

77 no tpaekropusm BC, BIC w BlIC.

Pab6ora, cosepiueHBasi 3J€KTPOCTaTH-

F YECKUMH CHJIaMH NPU NepeMerieHHH

(AP 3apsia NO 3aMKHYTOH TPaeKTOPUH

! B 3JIeKTPOCTAaTHYECKOM IoJe, paBHa

i = Hymo. Ilpu xj=x, B npumepe |l H

U y %  npu ri=r, B npumepe 2 pa6ora pas-
Puc. II1.1.18 Ha HYyJ0.

4°, Pafora sJeKTpOCTaTHYECKHX
CHJ1 OTTANIKMBAHHA OXHOMMEHHHIX 3apsJioB NOJOXKHTENbHA,
€CIH 3apsiibl YIANSIOTCA APYr OT Apyra, H OTpUIATENbHA,
€CJIN MPOHCXOAUT cOnikenue sapsigoB. PaGora smekrpocra-
THYECKHX CHJI TIPHTSIKEHHS PA3HOMMEHHHX 3apSIOB IOJCKH-
TeJIbHA, €CJH 3apAibl cOMHKAIOTCH, M OTPHLATENbHA, €CJIH OHH
yAaasIoTCcs APYT OT Apyra.

-5°. Pa6ota, KOTOpasi COBEpINAETCH 3JIEKTPOCTATHYECKHMH
CHJIAMH NIPH NEPEMELICHNH 3JEKTPHUUECKOro 3apsja g B 3J€KT-
PHYECKOM 110J1€e, PaBHa yOBITH NOTeHUKaAbHON sHEepruH /1 3T0TO
sapsja:

=—An=_(na—ni)=ni—nm

rae [1; u I1; — notenunanvhas sueprus (1.5.3.5°) sapsana
COOTBETCTBEHHO B HayaJbHOH M KOHEYHOH TOUKax €ro Tpaek-
TOPHH.

IMMpumep 1. Ilorennnanvuan sHeprusa 3apsja ¢ B ORHO-
ponHoM noje ¢ HanpskenHocteio E (puc. 111.1.18)

n=""qu’

Tle x -~ KOOPAHMHATa 3apsja, €CclMH CuHMTaTh, 4r0 I7=0 npu
x=0.

ITpumep 2. Norenunanvuas sHeprus sapsina ¢' B JaH-
HOH TOYKE 3JIEKTPOCTaTHYECKOTO NOJs, YAaJeHHOH Ha paccTos.
HHe r OT TOYEYHOro 3apfja ¢, CO3AABLIEIO NOJE (nOmeryuarbe
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HaR sHepeus esaumodelicmsyroujux Saprios),

= a;‘%o; (B CH),
q e
= -E‘l'- (8 cucreme CI'C3).

Guuraercs, uro /1--0 npu r—o0 (0603HaueHus cM. m. 2°, npu-
Mep 2).

6°. [ToTeHuuanbHAA SHEPTUSA OTTAIKHBAHHA OJHOMMEHHBIX
8apANOB NMOJNOXKHUTENIbHA H YBEJINUABACTCH, €C/IH 3ag;mu npuo-
NMKAIOTCA APYT K Apyry. [ToreHnuanbHas sHEPrus nmpHTAMKe-
HUsl Pa3HOMMEHHBIX 3aPSJ0B OTPHLA- g}
TeJbHAa H BO3pacTaer Jo HyJd,
€CJIH OJIMH M3 3apff0B yAaafercs OT

yroro Ha BecbMa GOJIbILOE paccTosi-
lxl{‘:de (r—o0) (puc. III.1.19).

3anaua. /[IBe mapannenpHbe [ >

NJacTHHBl MIOmManbo 21072 M? Kax- r
fian, Haxojsuiuecs B BO3AyXe, 3apfi-
JKEeHbHl pPa3HOMMEHHBIMH  3apsiaMH Lusnounstineis 30306

100 uKa. Kakyio paGory mago co- Puc. 111.1.19
BepIIHTDb, YTOGH YBEJHUHTb PacCTOA-
HHe MeXAYy miactThHamu Ha 0,1 mm? Jua/ieKTPHK — BO3AYX.
Hano: S=2-10"* M3, g=100 HKa=10"7 Kua, Ax=0,1 mm=
=10"% M, £,=8,85-10"1 ®/m, e=1l.
Hadmu: AA.
Pewenue: Pabora AA=F-Ax, rae F=qE, q — 3apsan ox-
HOM MJIacTHHB, E — HanmpsKeHHOCTDb ee 3JIeKTPHIECKOro novis:

Odkrounetmers 3apadat

CrieoBaTeNABHO,

10°44.10-2 ~ -
AA=2-8,8 10~1%,9.10~ Nk 2 3-107¢ M.

1.8. IMoTreHuMAaA SNEKTPOCTATHYECKOTO NOJS

1°. DHeprerTHueckofi XapaKTEPHCTHKOH  SJIEKTpOCTaTHue-
CKOTo noif sBjsieTcss ero norenuuan. Ilomenyuarom nons B
AAHHOH TOYKe HAasHBAETCA CKaJfipHasd BEJIHYHHA, UHCJIEHHO
paBHas noTeHUUANBHOH SHEpruu I1 eAHHHYHOTO NOJIOXKUTENb-
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HOTO 88PsJa, NOMEWEHHOTO B 3Ty TOUKY:

@ == o,

DNEKTPOCTATHYECKOE MO, KaXAan TOUKA KOTOPOTO XapakTe-
pH3yercs HeKOTOPLIM NOTEHUHAJOM, SBASETCH NPHMEpPOM no-
MENYUQALHO20 NOAR.

]21.7135%;50'ra 10 NIePEMEILCHHIO 3apAAA § H3 TOYKH ] B TOUKY 2
(111.1.7.

A =Hi—”|= q (q)l'_(Pg)

Pasnocme nomenyuasce B Hadanbuoht (/) m KoneuHoit (2) Tou-
KaxX NYTH YHCJEHHO paBHa paGoTe, KOTOPYIO COBEPIIAIOT CHIK
SNIEKTPOCTATHYECKOTO MNOJS NPH MNEPEMEmEHHH €LMHHYHOTO
NOJIOKHTENLHOIO 3apAAa MEXAY STHMH TOYKAMH:
A
(pl q)."— q .
Ecan Touka 2 naxoautca B OeckoneudoctH, T0 /=0 u coor-
BeTcTBeHHO ¢,=0. Pa6otra A’ no nepememennio sapsaa g s
4

Toukd I B GeckoHeuyHocTh A'=[l,=q¢,, OTKyHa @;=-—,

q
Tlorenuuan 3NEKTPOCTATHYECKOrO MNOJA YHCJICHHO paBeH

paboTe, KOTOpYIO COBEpPmIAIOT 3JIEKTPOCTATHYECKHE CHUJIBI NpH
nepeMeIeHNH €AMHHYHOrO INOJIOKHTENLHOrO 3apsila H3 JaH-
HOH TOUKH mosisi B 6ECKOHEYHOCTh. TaK, NMOTEHIHaNA YHCIEHHO
paBeH TOi pabore, KOTOpas COBepHIAETCH, KOTA2 eIHHHYHLI
NOJNOKHTENILHLIA 3apsj,, OTTAJKHBAsCh OT NOJOKHTEIBHOTO
sapsfa ¢, yhajsercs B GECKOHEYHOCTD.

38°. TloreHupan Takxe paBeH UYHCIEHHO paGoTe, KOTOPYIO
COBEpINAIOT BHEINHHE CHJIH MPOTHB CUJ 9JEKTPOCTaTHUECKOrO
noJid NPH nepeMelleHHH eINHHYHOTO NOJOXKHTEIbHOrO 3apsja
u3 GecKoHeyHOCTH B jaHHyIo Touky. Hanpumep, norenuuan
YiCAEeHHO paBeH paboTe, Kotopas Oyler coBepileHa, ecJH,
npeonoieBas OTTAJKHBAHHE OT NOJOXKHTENbHOIO 3apsapaa g¢,
Apyrofi eIWHHYHBIA NONOXHTENbHLA 3apAA NEPEHOCHTCS U3
GECKOHEUHOCTH B JAHHYIO TOYKY HOJS.

4°. Ouspueckufi CMHICA BO BceX 3ajauyaXx HWMEET PasHOCTb
NOTEHIHANOB MEXKAY HABYMA TOYKAMH 3JEKTPOCTATHUECKOTO
NoJif, a He 3HaYeHRS NOTEHUMaNOB B ITHX Toukax. [loaromy"
BHOGOD TOUKH C HYJEBHIM NOTEHHMAJIOM Onpeaesserca coobpa-
MEHMAMH TIPOCTOTHI M YAOGCTBa pelenHs 3aiau. Muoraa
yaobHee BLIOHpaTh paBHLIM HYJHO NoTeBnuan 3eMiH, a He Gec-
KOHEUHO YJaJIeHHOH TOYKH.
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5°. Ecsin 3/eKTPHYECKH 3apsKEHHas 9acTHIA C 3apAAOM ¢
¥ Maccoll m JBHKETCA B YCKOPSIOHIEM €€ 3/eKTPHUECKOM Tiofe 6
Pa3sHOCTBIO MOTEHUHANOB ¢;—,, TO YacTulla npHoGperaer
KUHETHUECKYIO 3HEepruio

o = (0 —9,)

- 29 (¢1—@a)
=)

6°. Pa3HocTh NMOTEHUHANOB MexAy AByMsA TouKamu 1 n 2
SJNIEKTPOCTATHYECKOTO NOMASA, YAaNeHHHIMH Ha PacCTOAHHA X; ¥
X3 OT PaBHOMEPHO 3apsIKEHHOH GeCKOHEYHON MAOCKOCTH,

U CKOPOCTb

P —P, = 2%,,( a—%) (8 CH),
<P1—fP,=2TM(X,—xl) (B cucreme CI'C3),

TA€ O — NOBEPXHOCTHAA IJIOTHOCTh sapsmos, 2o — JNEKTPH~
yecKas nocrosHHas B cucreme CH (VI11.5.1°), ¢ — ornOoCHTENB-
Has JHSJIEKTPHYECKAs NPOHHIAEMOCTb.

. PasHOCTb NOTEHUHMANOB MEXKAY PABHOMEPHO H Pa3HOH-
MEHHO 3apsXeHHLIMH GECKOHEUHBIMH NapajJieJIbHBIMH IIIOCKO-
CTAMH

—n=2 (s CH),

43wd
Py— Py =—— (B cucreme CI'C3),
rae d — PaccTosHNe MeXNY NAOCKOCTAMH. Ocranbhne 0603Ha-
qexmn cM. B 1. 6°
. TloTeHunan 3JE€KTPOCTATHUECKOTO MO/ TOYEYHOTO

sapsma g B TOUKe, YAaJEHHON Ha paccTosiuKe r OT 3apsaa (npH
ycnoBuH, uT0 ¢—0 npu r—>oo),

z (s CH),

= 4neger

<p==-g; (B cucreme CI'CD).
9°. Tlorenuuan 3J€KTPOCTaTHUECKOTO NOJA Wiapa C pajny-
cOM R ¥ 3apsiaoM ¢, PaBHOMEDHO pacnpejielieHHHM MO €ro
NOBEPXHOCTH, COBNIAAAET BHE 11apa C MOTEHUHAIOM NOJIS TOYey-
HOFO 3apSNia-¢; NOMEICHHOTO-B:- HeHTPe Llapa (IPH YCIOBHH, YTO



OTHAENA IIL. TJ1. 1. SAEKTPOCTATHKA

203
¢—+0 npu r-»o00)., BHyTpy wmapa HMeercAl TOCTOAHHBIA HOTEH-
tMan noJs, paBHbli

.9
¢ = 41‘[898 ﬁ (B CH)’
o= g% (8 cucreme CI'C3),

XOTA  HANPSXKEHHOCTb NOJIA BHYTPH [Iapa paBHA HYMO
(I11.1.4.3°).

1.9. CBa3b MeXAy HANPSKEHHOCTLIO H PA3HOCTLIO
NOTEHLHAJIOB SJAEKTPOCTATHYECKOTO MO

1°. JIBe XapaKTEPHCTHKU 3JIEKTPOCTATHYECKOrO MO —
cunoBast (E) u sHepreruueckasi (@) CBs3aHbl Mexnay CcoGOf.
B6siu31 mo060H TOUKK 3JIEKTPOCTATHYECKOTO NOJIA MOTEHLHAA
H3MeHsieTcsl Hanbojiee OBICTPO B HaNpPaBJEHHH CHJIOBOH
auuun (I111.1.3.5°). HanpsukeHHOCTh B NPOM3BOJIBHOH TOUYKE
3JIEKTPOCTATHYECKOrO MOJIsi YHCJEHHO pPaB-

Eg Ha HM3MEHEHHIO MNOTeHIHaNa, NPUXOAALe-
! MyCsl Ha eJMHHIY JJHHBl CHJIOBOH JIHHHH:
1
A
! E,——2%
p i ¢ AL
AL g rie Al — Bektop ¢ wmopynem Al, E,=
=FE -cos® — npoekunust Bekropa E Ha
Puc. I11.1.20

nanpasnenne Al (puc. II[.1.20). 3max
MUHYC MOKa3bIBAeT, YTO BEKTOD HalpsiKeH-
HOCTH IO/ BCETAA HAaNpas/jeH B CTOPOHY YyOBIBAHHMSA HOTEH-
nHasia.

2°. T'eomeTpHyeCKOE MECTO TOUEK IEKTPOCTATHYECKOTO MO
C OAUHAKOBLIMHM IIOTEHLHANAMH HA3bIBAETCS SKQUNOMEHYUANb-
rotl nogepxrocmeto. CBOACTBA SKBHMOTEHLHAJNLHBIX OBEPXHO-
creit:

a) B KaxJoH TOYKE SKBHIOTEHLHAJBHOR NMOBEPXHOCTH BEK-
TOp HanpsKEHHOCTH NOJA MEPNeHAMKYNspeH K Helt W Hampas-
JIeH B CTOPOHY YOBIBAHHA IOTEHLHANA;

6) pa6ora no mnepeMeleHHIO0 SJMEKTPUYECKOro 3apsija no
ORHOH H TOM K€ SKBHIOTEHIHAJbHOH MNOBEPXHOCTH paBHA
HYJIIO.

[IpumepoM >KBUMOTEHUHANBLHONH MOBEPXHOCTH fBAACTCH
NOBEPXHOCTh 3apsKEHHOro NpoBojHHKA. Bo Bcex Toukax
BHYTpH 0O0beMa TAKOro NPOBOAHHKA HANPSKEHHOCTh 3JIeK-
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TpOCTaTHUecKoro ‘nosia pasHa nymo (I111.1.5.3°), u Bce TOUKH
00bEMa NPOBOJHMKA HMEWOT OAMHAKOBBI NOTEHIHAJ.

3°. DnekTpocTaTHYECKOE MOJME TpaduuecKH H306paxKaloT He
TONBKO TP MOMOWIM CHJOBBIX JIMHHH, HO H NPH NOMOLLH
SKBUNOTERIHANbHEX NOBepXHocTell. Bokpyr Jo0ObIX HCTOYHH-
KOB 3JIEKTPOCTaTHYECKOrO TOJISI MOXKHO NPOBECTH GeCKOHEeuHoe
MHOXECTBO 3KBHIOTEHIHANbHLIX noBepxHocTel. OOLIYHO HX
NPOBOAAT TaK, YTOOH PAa3HOCTH IOTEHUHAJIOR MEXAY JIOGHMH

F VMY \
6

Pue. 111.1.21

IBYMS COCEAHHMH SKBHNOTEHUHaJ/bHEIMH NOBEPXHOCTAMH GHLIH
OAMHAKOBHI.

[lo u3BecTHOMY pACHOJIOMEHHIO JIMHHH HanpsKeHHOCTH
(I11.1.3.5°) amekTpocTaTHYECKOrO NOJS MOXKHO NOCTPOUTH
9KBHINOTEHIMa/IbLHEE NOBEPXHOCTH, H, HA00OPOT, MO H3BeCT-
HOMY PaclOJIOKEHHIO SKBUNOTEHIIHANBHLIX NOBEPXHOCTEH MOX-
HO B KaKkJ0#l TOUKe NoJisl ONpefe/iNTh BeJIHYHHY K HanpaBJieHHe
BEKTOPa HaNpPSXKEHHOCTH MoJA.

Ha puc. I11.1.2] usobpaxeHH mJIOCKHE CEYEHHS SJEKTpO-
CTaTHYECKUX ' NOJIEH MOJOXHTENBHOIO TOYeuHoro 3apsaja (a),



204 OTAEJ IIL. TA. 1. 3NEKTPOCTATHUKA

aunons (6), ABYX OAHOHMEHHBIX 3apAfoB (8) M 3apsKEHHOro
METAJVIMYECKOr0 MPOBOAHHKA C/IOKHON KOHQUrypauuu (2).
[TyHKTHPOM H300pa)KeHHl CHJIOBBE JHHHH, CIVIOWHBIMH JIH-
HUAMH — CEUEHHSi SKBHIOTEHHHAJLHEIX MOBEPXHOCTEH.

3anaua 1. PaBHoMepHO 3apskeHHBI ap paanycoMm 2 cMm
B BakKyyMeé HMeeT TNOBEPXHOCTHYIO MJOTHOCTb 3apsia
5-10~1 Ka/m®. Onpeaenuts NOTEHUHMA] [0/ B TOYKE, OTCTOS-
weft Ha 0,5 M or DeHTpa wiapa, a TaKmke noTeHuUan ¥ Hanps-
KEHHOCTb M0/ BHYTPH Mmiapa.

Hano: R=2 cm=2-10"* M, 0=5:10"7 Kn/m®, r=0,6 M,
2o=8,85-10"% @/m, e=1.

Hadmu: ¢4, @, E.

Pewenue: TloTeHuuan aJeKTpuueckoro mo/s, 0OOpasOBaH-
HOrO 3apsKEHHBIM 1APOM, BHE 11apa COBIMAZAeT C MOTeHIHAIOM
NOJsl TOYEYHOrO 3apffa, COCPEOTOYCHHOrO B LEHTPE wiapa,

P= 4neqer”
Tak kak ¢g=08=04nR?, 10

b 5.10-7.4.10~¢
W=5e W=gE-mTof B~ 50B.

[Motenuuan noAs BHYTPU 3apsIKEHHOTO Liapa

¢ _oR §.10-7.2-10~% . .
= feR e+ P =gmw-m 5=10B.
CBs3b HANPSKEHHOCTH MOJA C MOTEHUMANOM IIAapa MMeeT
Bup E = -—%‘rl. [Torexniuan noasA BHYTPH mapa BO BCEX TOYKAK

ofnHakoB. Ero uameHeHue Ha eQUHULY AJAMHBI PABHO HYJO,
noaroMy E=0,

3apaya 2. KakoBa pasHOCTb NOTEHUHANOB MEKAY TOY-
KaM# 3J€KTPOCTaTHYECKOTO MOJIsi, HAXOASLIUMHCA B BaKyyMe
Ha paccrosinusix 0,4 M B 1 M ot ToYeuHoro 3apsiaa 2-10~* Kn?
Kakasi paGora :coBepiiaeTcsi NpH NEPEMEIIeHHH MNOJOXKHTEb-
Horo 3apsana 4-10-'° K¢1 u3 nepsofi TOUKH BO BTOPYyIO?

Hano: qg=2-10~* Kan, r;==0,4 M, ry==1 M, ¢,=4-:10~1* Ka,
e=1.

Haimu: ¢—@,, A.

Pewenue: Pa3HOCTb HOTEHIMANOB ABYX TOYEK SMEKTPOCTa-
THYECKOI'O MOJIf, CO3AAHHOTO TOYEUHHLIM 3apSLOM,

—g, = 9 ___ 4 (l __l_
T 4megery  Anegery  Amege \ry fy

2.10- i
‘Pl""@. = 4.3’14.3’%' N l'o'_—_." ( T) B Y 300 B
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PaGora A=q, (@—q4), A=4:10"%.300 Tx~10"7 IIx.

3amava 3. PasnocTh NOTEHUMANOB TOUEK, OTCTOSIUX ©T
3apaMeHHOA nJocKkocTH Ha paccrosHud 5 M 10 cm, papna
5 B. Uemy pagen 3apsj IJIOCKOCTH B BakyyMe, eCH €€ nJio-
magp 400 cm??

Hano: x;=5 cM=5-10"* M, x,=10 cM=1:10"3 M, 8=
=400 cM*=4-10"% M?, @;i—¢,=5 B, e=1,

Haiimu: q.

Pewenue: PasnocTb MOTEHINANOB TOYEK NONSA 3apsKeHHON
NJIOCKOCTH

[+
P— @ = Tege (x,—x,), rpe o= %

3apsaA MJOCKOCTH =08, HJU

(i—P9) - 2808 .S
Xo— X§ !

q:

9=Toor—goer + 410 Kn=7.10"% Ka.

1.10. AnexTpoeMKOCTD

1°. Koraa Ha npoBOAHHKE YBEJIHYMBaeTCsA 3apsaj ¢, TO
NPAMO NPONOPUHOHANBHO 3aPAAY BO3PACTAET NMOTEHLHa] npo-
BOABNKA ¢. ITO CIpPaBeiIMBO AAA NPOBOAHHKOB MmoGoft reo-
merpuyeckoii ¢opmul. OTHOLIEHHE 3apsia NPOBOJHHKA K €ro
NOTEHIHANy He 3aBUCHT OT B&IHUHHBI 3apsiAa, HaXOAsIerocs Ha
NPOBOLHHKE, H ONPefeNseTcst CBOCTBAMH CaMOr0 NPOBOJHHKA,
a TaKxe cpeibl, B KOTOPOH OH HaXxoAuTcs. XapakTepHCTHKOH
3JIEKTPHUECKHX CBONCTB NPOBOAHHKA, ONpPELETISIOWEN BO3MOX-
HOCTb HAKOILJIEHHS 3apsj0B Ha JaHHOM NPOBOJHUKE, SIBJISIETCA
37€KTPOEMKOCTb. :

(busnueckas BeJMUMHA, H3MEPsAEMAs OTHOLIEHHEM 3apsia 4
yeauHeHHOTrO *) NPOBOAHMKA K €ro MOTEHNHaNy ¢, HashlBaeTcs
aAaeKmpoeMkocmoro  (emMKoCme) yeAUHEHHOrO NPOBOAHHMKAS

c=4
x.

VnbiMH c/10BaMy, 3/1€KTPOEMKOCTBIO (EMKOCTHIO) YyeAMHeH-
HOTO NPOBOAHMKA HA3pBaeTcA (uaudecKas BeJHUMHA, YHC-
JIEHHO paBHasi 3apsify, KOTOPbI H3MeHseT NOTEeHIHaN NPOBOA-
HHKa Ha OAHY EAHHHLY.

*) VepunennHM HasHBaeTCss NPOBOAHMK, Haxofamufics BAalH OF
S3PANEHHHNX TeA M APYTHX NPOBOAHMKOB.
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EMKOCTb NPOBOAHHKA 3aBHCHT OT €ro JIMHEHHBIX pa3MepoB U
reoMeTpuyeckoll GOpMBl, HO He 3aBHCHUT OT MaTepuajia NpoBOj-
HHKA U ero arperaTHoro cocrosiHuf. ['eoMerpHyecKkH nogobHbte
MPOBOAHUKH HMEIOT 3JEKTPOEMKOCTH, IMPAMO NPONOPIHO-
Ha/IbHble HX JHHeHHbIM pasMepaM. EMKOCTh NPOBOAHHMKA NPAMO
APONOPIHOHANbHA OTHOCHTEJILHOH JAHIJIEKTPUUECKOH npoHHIae-
moctu cpeapt (I11.1.2.6°), B KoTOpoit HaXOHHMTCH NPOBOAHUK.

2°. EMKOCTb YeAWHEHHOro mapa

C=4ne,eR (s CH),
C=¢eR (B cucreme CI'C3),

rae R — paguyc mapa, e, — SJEKTPHYECKast MOCTOSHHAfl B
CH (VIL.5.1°), & — oTHOCHTE/NbHAsI AUIIEKTPUUECKAA INPO-
HHIIAeMOCTh Cpeibl, B KOTOPO# HAXONHTCS Imap.

3°. BaaumHoli asexmpoemxocmeto (83aUMHOL  eMKOCM6IO)
JABYX NPOBOJAHHKOB Ha3blBaeTcs (hH3UYecKass BeJMUYHHA, UHC-
JICHHO paBHas 3apAAY ¢, KOTOPBIH HYMHO NMEepPEeHecTH C OAHOIO
NPOBOJHUKA Ha APYrofl AJIf TOro, 4To6bl H3MEHHTDb Ha eNHHHIY
Pa3HOCTb MOTEHUUANIOB ((Py—@,) MEXKLY HHUMH:

C=—2_.
P1— P2
BsauMHasi €MKOCTb 3aBHCHT OT TeOMeTPHYECKOH (OpPMbI,
JIHHEHHBIX PasMEpPOB H B3AaHMHOTO PaCHOJIONKEHHS TIPOBOAHU-
KOB U He 3aBHCHT OT MaTepHaJ/la IPOBOJHHUKOB H HX arperaTHHx
cocrosiHufl. B3aumHasi eMKoOCTh npsMo NponopuHOHa/IbHA OT-
HOCHTE/ILHOH JH3MEKTPHYECKOl MPOHHIAeMOCTH CPEeibl, B KOTO-
POl HaXOAATCHA IPOBOJIHHKH.
3apaua. CKOJIbKO 9/IEKTPOHOB HAXOAMTCHA Ha [OBEPXHOCTH
YeAHHEHHOrO METaJJIMYeCKOIo mapa AHaMeTpoM 4 cM, 3aps-
KEHHOTO B BaKyyme Jo notexuuana 100 B?
Hano: d=4 cu=4-10"2 M, ¢;—¢,=100 B, e=1.
Hatimu: N.
Pewenue: 3apap meraanuyeckoro mwapa Q=C (¢—@s),
rae C — 3/IeKTPOEMKOCTb YyeAuHeHHoro wmapa, C=dne.eR,

R — papuyc wapa. Toraa Q= 4;:303% (Pi—@,)-

Yucno 3aeKTpoHoB N = —3—, rie e— alCoMOTHAA BEAHYUHA

3apAaa 3JIEKTPOHA,

N = 4neqed (@i— @g)
2e '

__4:3,14.8,85-10-12.4.10-2.100 _
N= 5151010 =137-108,
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1.11. Kouaencatopu

1°. Konderncamop cocTouT B3 ABYX NPOBOJHHKOB, 32 AXKEH-
HHIX Pa3HOHMEHHO DaBHLEIMH NO a06COMOTHOMY 3HaYeHUIO 3a-
pagamu. [IpoBOAHUKH HOKHB KMETh TAKYIO I'EOMETPHUYECKYIO
GopMy H ROMKHBL OBITb pAacnoJIOKEHHl JIPYT OTHOCHTEJbHO
JApyra Tax, yToOH 3JeKTPHUecKoe nose, co3JaHHOe STHMH Mpo-
BOJAHHKaMH, GBIIO COCPENIOTOYEHO B NPOCTPAHCTBE MEKAY HUMH.
TlpoBognyKY, oOpasywluye KOHJEHCATOP, HA3BIBAIOTCSA €ro
obxaa0kamu (06Kaa0ku KkoHOeHcamopa). EMKocTb KoHJeHca-
TOpa SIBJISIETCS'B3AUMHOM eMKOCThIO ero o6kaanok (I111.1.10.3°).
KoHneHcaToprl cilyKaT HAKONUTENSIMH 2JEKTPHYECKOH 3Hep-
rup (111.1.12.29),

2°, Ilaockuli koHQeHcamop npejcTapisier coGofl aBe napaj-
JeJbHble IVIOCKHE IJIACTHHBI, 3aPsAXKEHHbIE OAHHAKOBLIMH NO
46COMOTHOMY 3HAYEHHIO, HO DA3HOUMEHHBIMY 3apsamamu. [lna-
cTuHbl (0OK/MaZKH) KOHAEHCATOpa HAXOATCS Ha paccTOsiHUM d
Ipyr or apyra (puc. 111.1.22), Tlpu sapsiake KonpeHcaropa

Ry
DR 4 PR R

4 { )

A e 8 F AN AR

4 Il

Puc. 111.1.22

D

MOXHO COOGCILMTb OHHOH W3 OOK/A4JOK HEKOTOPHA 3apaf, a

Apyrylo o6KJaaKy 3a3eMauThb. Toraa Ha 3asem/eHHOH OOKMan-

Ke OCTaHeTcs 3apsiji, NPOTHBONOJOXKHLI N0 3HaKy H PABHLIA NO

3HAYEHHIO 3apsay, coobleHHOMY nepBofi o6knaake. B 3emmo

yHAeT 3apsj TOTO 3HaKa, KOTOPLIM 3apsiikeHa nepsas oOKJaiKa.
3°. EMKOCTb INIOCKOTO KOHJeHCaTopa

208S
= —o—d—- (B CI/I),

C= i—% (8 cucreme CI'Cd),

Tae S — naomane Kaxiaoih OOKJaZKM WM MeHbuIel U3 HUX,
d — paccrosune MexAy OGK/IajKaMH, &, — 3JIEKTPHYeCKas
nocrosunas B CH (VI1.5.1°), & — orHOoCHTeNbHAs AM3JEKT-
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puyecKas MPOHUIAEMOCTb BEUIECTBA, HAXOAAMWErOCH MEHAY
OGKJIaKaMH.

Ecau nnockufi KOHZEHCATOP COCTOMT M3 CHCTEMBl 7 mJa-
ctuH  (MHOzonAacmunyamed  Kondetcamop), T0 B Gopmyay
eMKOCTH BMecTO S BXOIMT 1UpOM3-
sepeHue S(n—1), rae n — yuciao
nnagmﬂ. O6blyHO B KOHAEHCATOPE
n=2,

4°. Konderncamop nepemeHroll em-
Kocmu B npoctefimeM cayyae CoCTOMT
M3 JBYX HaGOpOB MeTa/lJIKYyecKuX
nnactuH. [Ipu Bpamenun pykosTKH
(puc. 111.1.23) nnacrunb oaxoro na-
60pa BXOAAT B NPOMEKYTKH MEKAY
nJacTHHaMH apyroro HaGopa. Ilpu
9TOM MKOCTh KOHAGHCATOPA MEHSAETCA
DPONOPUHOHAJILHO H3MEHeHHIO MJIO-
uain nepekpriBalomencs yacTu naac-
’ THH.

5°. YBesuuenue eMKOCTH JOCTHTAETCA NAPAANCALHOIM CO-
edurenuem xondencamopoe B Gatapew. Ilpu arom konpeuca-
TOPbL COSAUHAIOTCA ONHOWUMEHHO 3apAMEHHBIMH OOK/agKaMu
(puc. 1I11.1.24). O6wan emxoctb Oarapen

C=Ci+Cy+...+C,

6°. Ilpu nocaedosamenshom coedunenuu KoHOeHCAMOPOS co-
eHUHAIOTCA HX pasHouMeHHoie obknaaku (puc. 111.1.25).

e

: _’_' g~ gy~ - 4+~
—tt— -
+’2.";"'"
Puc. 111.1.24 Puc, 111.1.25

Puc. 111.1.23

[lpu 3TOM CKAAALIBAIOTCA BEJAHUHHBI, OOpPATHHIE EMKOCTAM:
{ { 1 {
cTa vttt

# 00mas eMKOCTb GaTapeH BCEerAa MeHbile, YeM HAHMEHbLUAA
eMKOCTb KOHABHCATOP4, BXOAAUWICrO B Gatapeto.
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3apauva 1. Hafith pasHocTp mNOTEHNMANOB B BOSAYIIHOM
KOHJIGHCATOpPE, EC/IH MEXAY ero 00K/IafKaMH OMECTHTD MJIOTHO
npuJeraoumyio Kk HuM (apdoposyio naactuuky. [lepsonauann-
HO KOHjeHcaTop Gbut 3apsuxen o 200 B, a sarem ucrounuk ot-
KJ/IIOYHJTH.
ZIGHO Qi—@2— Awl—QOO B 81=‘-‘-1 8,’=5
Haiimu: Ags.
Pewenue: Evrocts BospywHoro KoHgencaropa C, ==-A—'%’71 .
EmkocTb koHAeHcaTOpa ¢ AuanekTpuxkoMm C, = Z%'
A C
Tak kak 3aps KOHJeHCAaTOpa He U3MeHdeTcs, TO g Cl ;
2
€4eS C; ¢
eMKOCTb  TJIOCKOrO  KOHjeHcatopa C=—r, TorAa g =
} ] 2
H Acp,=Aq)13t, AQ),=200--5-B=4OB.

3apaua 2. Hafitu eMKOCTb H NOBEPXHOCTHYIO INIOTHOCTD
3apfja Ha IVIaCTHHAX BO3JYIIHOI'O KOHAEHCATOPA, 3apPsKEH-
HOTO J0 pasuocTd noteHpuanoB 200 B. [liowaas kawxno#
mnactuue 0,25 m?, paccroanne mexkay njactuHamu 1,0 mm.

Hano: ¢—@;=200 B, $§=0,25 m*, d=1,0 MM=1,0-10"¥ m,
e=1,0.
Haiimu: C, o.
Pewenue: EMKOCTb IVIOCKOTO KOHAEHCATOpPA

g8 8,85-10-13.1,0.0,25 -

C="F, C== 10.10- ®~22.10°0.

PasHOCTb MOTEHUHANOB MEKAY ABYMS 3aPAMCHHBIMH n/a-

od
CTHHAMYU @;—@, = g, OTKyAA

[ — (1]
o=@ 2:) o®

200-8,86.10-1%.1,0

o= 5o Ka/m*~1,8-107¢ Kam?,

1.12, 3Heprust 3NEKTPHUECKOr0 NOAA

1°, Jlna Toro urofnl yBenuYHTb 3apAn MPOBOAHHKA, HEOG-
XOAMMO NEpPeHeCTH Ha HEro HeKOTOPOe KOJIMYECTBO SJeKTpuye-
crea. Jlas sToro HeoGXOAHMMO MpeojoJeTb CHBL OTTANKUBAHHA
MEX/Y BHOBb [EPEHOCHMbIM 3aPALOM H YIKe paHee MMEeBLIUMHUCH
HA OPOBOAHUKE 3apsjaMH. YBeiHYeHHe 3apAAa Ha POBOJHUKE
H ero moTeHuMasa CBA3AHO C coBepuieHHeM pabothi. PaGora,
KOTOPY10 HEeoGXOAHUMO COBEPILATD, YTOOB! COOBLIUTD POBORHUKY
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3apsik ¢ ¥ NOTEHNHaN ¢, MOXKET CAYXHTb Mepol sHepruu
3apAMEHHOTO NPOBOJHHKA.

2°. Cobcmeennotli snepeuell SapaANceHN020 NPOBOOHUKA Ha3bI-
BaeTCs NOTeHNHWAaJAbHAs SHEPrusl B3aHMOJAGHCTBHA 3apsloB,
HaXOAAMUXCA Ha NpOBojiHNKe. Ecau npoBOJHUK He HaXOANTCA
BO BHEIIHEM 3/IEKTPOCTATHYECKOM MoJie, TO €r0 SHEepPTHs ABJf-
eTcsl cOGCTBeHHON M BBIUMCASETCA NO (GopMyJe

6= "3 T2 2

rae C — eMKOCTb NMPOBOAHMKA, § U @ — €ro 3apsjy ¥ NOTeH-
nyasl.

3°. EcaM uMmeeTcsi CHCTeMa 7 3apsiKEHHHIX NPOBOJHNKOB,
TO NOJIHAS 3JIEKTPHYECKAs SHEPTHA CHCTEMBI COCTOUT M3 CYyMME
COOCTBEHHEIX 3Hepruil NPOBOAHMKOB H SHEPTUM UX B3auUMOjel-
CTBUA:

n
1
I =TE} q.Pn

i=
rae g;—3apsaa i-r0 NPOBOIHHKA, @; — NOTEHUMAN i-T0 npo-
BOJIHUKA, COB)laBaeMblﬁ KaK fnoJeM BcexX APYruX npoBOJHMKOB,

TaK H COOCTBEHHBLIM IMOJIEM 3TOTO NPOBOAHHKA.

4°. DHeprus 3apsKEHHOTO KOHAEHCATOpA SBJIAETCH IOJ-
HOH SHepFHEﬁ CHCTEMBI ABYX INPOBOAHHKOB H BBIYHCJIAETCH HO

dhopmyJie

[ =3 @i—%) _ C@1—¢a)?
2 2 ’
rie ¢ — 3apAx KoHpjeHcatopa, C -—— €ro 3JeKTPOEMKOCTb,
(91—@2) — Pa3sHOCTb IMOTEHUHAJIOB MEXKAY OOKJIAJKaMH KOH-
JeHcaropa.
5°. Cornacuo teopun Gauskoneficreusg (111.1.3.2°) sueprus
MOGLIX 3apSKEHHBIX TeJl COCPEJOTOYeHAa B 3JIEKTPHUECKOM
nosne 3THX Tes. I10STOMY roOBOPAT 06 9Hepeuu 3AeKmpUtecKo20
noas, TIDHYEM CYMTaeTcsi, YTO IHEPTrHs] MCTOYHHKOB MONA —-
3apsPKEHHBIX Tel — paclpejie/ieHa N0 BCEMY IPOCTPAHCTBY,
TAe BMeerca 3jeKTpudeckoe nose. Hanpumep, B miockoM Kou-
nercatope (I11.1.11.2°) sHeprus cocpenoToueHa B pocTPaHCTBe
MexAy €ro OOKJajKaMH,
6°. DHeprus OAHOPOIHOTO 3JEKTPHYECKOTO MOJAS, COCPEAO-
TOueHHOro B obbeMe V H30TPONHOR cpendl,
n1=2Fy  @cn,
_ e

=73 (8 cucreme CI'C3I),

4
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rae E — HanpsikeHHOCTb 1O, €, — 3AEKTPHUECKAs AOCTOSH-
Has B cucreMe CH (VII.5.1°), e — oTHOCHTEIbHAA IUICKTPH-
qecKasl MPOHHHAEMOCTb CPenni.

7°. O6BeMHOL NAOMHOCMGIO 3Hepeul W, 3JEKTPUYECKOro
NOMst HA3LIBAETCH 3HEPIUs NOJIA, COCPEAOTOYEHHAR B EAWHHLE
ofbeMa noJis:

_An
N ;
W, BBIUHCAsETCA nNo ¢opmydne
e,eE?
w, = °2 (8 CH),
2
w,=?8£" (8 cucreme CI'C3).

Buipaxenusi n. 7° cnpaBeyiuBbl HE TOJBKO IS OAHOPO.-
HOrO roJisi, HO W AJIfi NPOU3BONBHBIX, B TOM YHC/IE M H3Me-
HAIOI[HXCA BO BPEMEHH, JIEKTPHUYECKHX MOJell B OFHOPOAHOM
usoTponsoM ausnekrpuke (I11.1.6.1°).

8°. OnpegneneHue 3IeKTPHUYECKOro NOJA KaKk 0co6oi (opmbt
matepn (I11.1.3.1°) monygaer cBoe o6ocHOBaHHE B TOM, UTO Y
3JIEKTPHYECKOTO N0/ HMEeTCH SHeprusl. DHeprHus, KaK i Macca,
fABNAEeTCA HeOOXOAHMBIM CBOACTBOM BelIeCTBAa M MOJEeH — ABYX
¢dopm MartepuH, H3yuaeMelX (DH3HKOML.

3amaua. Konjnencaropsl emkoctoio 2,0 Mk® u 8,0 mMx®
coeMHeHb MOC/JENOBATENbHO M IIOAK/IOUEHH K HCTOUHHKY
nanpsokenust 200 B. Onpepenuts pasHOCTh NOTEHLHANOB HA
Ka)<IOM KOHZAEHCATOpPe H SHEPrHI0 KaxKAOTo KOHJEHCaTopa.

Hano: C;=2,0 mMx®, C;=8,0 Mx®P, ¢;—¢p,=U=200 B.

Habmu: U,, U,, 11y, II,.

Pewenue: TIpn nocieAoBATENLHOM COeHHEHHH 3apsibl Ha
KOHJieHCAaTOpaX GYAYT OAMHAKOBBIMH. PasHOCTb MOTEHIUANOB
Ha KoupeHcatopax: U,;=Q/Cy u U,=Q/C,, rae Q — sapax;
Q=CU, rge C — eMKOCTb COCAMHEHHBIX [0C/AEJ0BATEILHO
KOH[{eHCaTOpOB.

[Ips mocnefoBaTeIbHOM COEANHEHHH

I 1 1 e
t=gte wu C=zT¢-
CyC
TomaQ——C +2‘5U "
. ClCzU 8,0-200 _
U‘~(C1+02)C1 Cx+C U, Ul'_'2 08, OB-——IGOB,
U=~ U, U= 200 o op

Ci+Cs 2,018,0



212 OTREJ N1 TJ1. 2. TIOCTOSSHHBIA SJNEKTPHYECKHA TOK

Snepruv KOBAEHCATOPOB:

2
1, =£12y.1 , 17,=5°—‘2’9-°-’ 10-¢ Ik ~ 26 mxJIx,

3
1, = ‘C%jl y 1= 8’02'402 10~ [k = 6,4 mx JLx.

Faaea 2
NOCTOAHHDbIA INEKTPRYECKMRA TOK

2.1. OcHoBHBIE NOHATHA M OnNpepeieHus

1°. Tlo cBolicTRy ssexmpuneckoll nposodumocmu (3rempo-
npogodHocmu), T. €. CNOCOGHOCTH NPOBOAMTL 3JEKTPHYECKHH
TOK, BCE€ BeUIECTBa LEJATCH Ha NPogodHuKu (METa/sbl, JEKT-
pOMMTH ¥ HOHH3OBaHHMC rashl), Oussexmpuxu (us0Aamopel)
(111.1.6.1°) n noaynposodnuxu (111.3.11.1{

Saekmpuueckum moxom HaspBaeTCsi YNOpPsAOYeHHOe ABH-
HKEHHE 3JICKTPHUECKHX 38PANOB. YNOPAJOUEHHOE JBHXKEHHe
cBOGOAHHIX 9/IEKTPHYECKHX 3apsaj0B, NPOHCXOAAILEE B NpO-
BOJAHMKE, HasbiBaeTcs moxom npoeodumocmu. ToKaMHu npoBo-
AHMOCTH SIBJIAIOTCS: SJEKTPUYECKHH TOK B MeTasiaX, CO3ZaH-
Hbl YNOPSAZOYCHHBIM JABH)KEHHEM CBOGOIHLIX 3J€KTPOHOB, TOK
* B 3JIEKTPOJINTAX, OCYILECTBJIAEMEIH YNOPALOUEHHEIM JABYKEHHEM
nonos (111.3.1.1°), Toxk B rasax (111.3.3.1°), rae ynopsaouenno
ABMIKYTCHl HOHEI M 3JIEKTPOHBI. YNOPALOUEHHOE NepemeleHne
SJIEKTPHYECKHX 3apsJoB, NPOHCXOAsUlee NPH JBHKEHHH B
NPOCTPAHCTBE 33PAMKEHHOTO TeJa, HA3LIBAETCH KOHBEKYUOHHbIM
moxom. Hanpumep, 3emas umeer H3GHITOYHBIA OTPHLATEJNb-
Hbifi 3apAj U NpH ee JBHXKeHWH BO3HHKaeT KOHBEKUMOHHELA
TOK. Kpome TOKOB NMPOBOAHMOCTH H KOHBEKIHOHHHIX TOKOB Cy-
HIECTBYIOT TOKHM cMmemenus (IV.4.1.3°).

+2°. HanpaBiieHHeM 3JIEKTPHYECKOTO TOKA CUMTAETCsH TO
HanpabJieHHe, B KOTOPOM YMNOPSAOYEHHO ABHXKYTCH IOJIOXKH-
TesibHble 3apsAfbl. B MeTamax cBOGOAHBIE STEKTPOHb! ABHKYTCS
B HaNpaBJieHHH, NPOTHBONOJNOKHOM 3TOMY NpPHHATOMY.
B »MAKOCTSIX U razax ynopsiloueHHOe JBHKEHHE 3JIEKTPHUECKUX
3apaji0B MOXET POKCXOAMTh KaK B HanpapJEHHH TOKA, TaK H B
APOTHBONONOKHOM HanpaejeHuu (ynOpsioueHHOE JBUIKEHHE
5JICKTPOHOB M OTPHUATEJbHBIX HOHOB). _

8°. Cunoli moxa HasniBaercsl cKalsipHass BeJuuuHa J,
paBHas KOJHYECTBY 3JieKTpuuecTBa Ag, KOTOpOe 3a €AMHMLY
BPEMEHH NEPEHOCHTCH CKBO3b HEKOTOPYIO INVIOWMAAb CeYeHds



2.1. OCHOBHbBIE NOHATHA U ONPEARJIEHUS 213

NPOBOAHKKA:

_Ag

=5
B 4acTHOCTH, CHJION TOKa B MNPOBOAHHUKE Ha3pIiBAETCA KOMAHUYECTBO
anekrpudectBa Ag, KOTOpoe MepeHOCHTCs 3a AUHUIY BPEMEHH
CKBO3b MOMEPEUYHOC Ce4YcHUue HpOBO}lHHKa.

4°, ITocmosanHsim Ha3BIBAaeTCA JMEKTPHUYECKHA TOK, cula M

HanpasJICHHE KOTOPOro COXpaHAwTcA ¢ Te4eHHEM BpPEMCHH
HEH3MCHHBIMH. ﬂﬂﬂ [IOCTOSIHHOTO TOKA

_ 9
1=,

TAe ¢ — 3apfifl, KOTOPHIi MEPEeHOCHTCA CKBO3b MNONEPeyHoe
CeYEeHUE MPOBOJHUKA 3a BpemA [,

5°. Cuna NOCTOSIHHOTO TOKA B METaJI/IMYECKOM NPOBOAHHUKE
C WJIOLAJBIO [ONEPeYHOro ceyeHust S

[ =enuS,

rae e — abcomoTHoe 3HAaYeHHe 3apafa MEKTPOHA, N — YHUCIO
HocuTeNiell 3apAnOB (EKTPOHOB MNPOBOAMMOCTH) B EAHHHUE
o6bema, U — CPEAHAS CKOPOCTb YNOPAKOYEHHOIrO HBUMEHHUA
3JIEKTPOHOB.

6°. Bexmopom cpedued nromrocmu moka j *) Ha3biBaercs
bu3nueckas BeJHYMHA, MOAYJb KOTOPOH PAaBEH OTHOILEHWIO
cusbl ToKa [ K IVIOMaAM NONEPEYHOro CedeHHs NPOBOAHHKA S,

nepneHAuKyAApHO# K BekTopy v (m. T°):
{
I =

[T1oTHOCTE TOKA OfpefesferT TOK, MPHXOAAWMACA HA efd-
HHIY MJIOLAAN NONEPEYHOro CeYeHHA MPOBOAHHKA, H XapakTe-
pH3yeT pacnpejiesieHHe 3JEeKTPUYECKOr0 TOKa M0 CEeYCHHIO
nposoaHuKa. Bektop j HanpasaeH Brosmb Toka (m. 2°).

7°. TInOTHOCTL TOKA MPOBOAMMOCTY B MeTa/lax

j=nev,

FAC N — 4UCJAO 3JIEKTPOHOB TPOBOAMMOCTH B efuHuue ofbema
(konyenmpayus Hocumened moka), e — aGCOMIOTHOE 3Haye-

HHE 3apsiia 3JEKTPOHA, vV — BEKTOP CPefHell CKOPOCTH ynops-

*) B panphefimeM 0O IAOTHOCTHIO TOKAZ NOHHMACTCA CPEAHMAN
BAOTHOCTD TOKA.
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JOYEHHOTO JIBHIKEHHSA 3JeKTPOHOB. BamHON  0cofEHHOCTBIO
METaJAJNIOB #IBJAAETCH NPaKTHYECKH IOCTOSHHAs A/ NaHHOTO
METa/ia KOHUEHTPanus n cBOGOAHBIX 2JeKTpoHOB. OHa He
3aBHCHT OT TeMMePaTypH. 3THM METAJJH CYLIECTBEHHO OTJIH-
valorca OT anektposutoB (111.3.1.4°) u nonynpoBOAHKKOB
(111.3.12.5°).

8°. Mozaysb BeKTOpa V HMeeT 3HayeHns mopsaka 107¢ m/c
npy HauGoJBIINX AONYCTHMBIX MJIOTHOCTSIX TOKOB, Hamnpuwmep,
B MEIHOM NpOBOIHUKE (n~¢8,5-10% mM~3%) v~8-10-* M/c npu
caMBIX BoabIIMX MJIOTHOCTAX TOKa j=1,1-107 A/cm?, KoTopeie
JIONYCKAIOTCA 63 ONacHOro meperpesa NpPOBOAHHKA.

9°. DnekTpHUeCKUH TOK YCTAaHABJIMBAETCS BO BCEM TNPOBOJ-
HHKE NPaKTHYeCKH OJHOBPEMEHHO C 3aMblKaHHeM Lenu. Bpems

L
YCMaHO8AeHUs moOKa B LENH t=-—c—, rae L — mauna uenu, ¢ —

CKOPOCTb CBeTa B BaKyyMe, COBMAJaeT ¢ BpPeMeHeM yCTaHOBJje-
HHS1 BJOJb Beell LEMH CTalUOHAPHOIO 3JEKTPHYECKOTO [0Js
(I11.1.3.1°). 1o Bpems coBmajaeT ¢ BPeMEHEM pacnpocTpa-
HEHU s CBeTa BLOJIb 3JEKTPHUECKOR nenu. 3a 3T0 BpeMs Ha BCeM
NPOTSKEHHH NPOBOAHHKA YyCTaHABJAMBAaercsa YNOPsAOueHHOe
IBHXXEHHE 3/IEKTPOHOB, HAUMHAIOWIEECA NPAKTHUECKH OAHO-
BPEMEHHO C 3aMbIKaHHEM LEIH.

CylecTBoBaHy€e 3JEKTPHUECKOrO TOKA OOGHApYKUBaeTcs
10 €ro TENJIOBbIM, XHMHYECKHM H MarHHTHBIM AeACTBUAM.

2.2, Ycaosus, neobxonumbie Ajs BO3SHHKHOBEHHS
H NOJAJEPKAHHSA MOCTOSAHHOTO TOKA

1°, JIna BOSHUKHOBEHHS1 M MOLAEPMaAHHS B MPOBOLHHUKAX
Toka nposoaumoctH (111.2.1.1°) Ha sapsiKeHHBIE YACTHIBI AOMK-
Hbl JeHCTBOBAaThb CHJIH, OOECIIEUHBAIOIHE HX YNOPSLOYeHHOe
nepeMellieHle B TeYEHHE KOHEYHOTO TNPOMEXKYTKa BPEMEHH,

Ky/OHOBCKHE CHJIBI 9/JIEKTPOCTaTHUECKOTO B3aUMOZLEHCTBHA
3JIeKTPHYECKHX 3apAJOB NPHUBOLAT K TaKOMy HX pacnpepede-
HMI0O B NPOBOJHHKE, NPH KOTOPOM HAaMPSKEHHOCTb 3JEKTpPH-
YeCKOro NoJIi BHYTPH NPOBOAHHKA PaBHA HYJIO, a NOTEHIHAbI
PCEX TOYEK NPOBOJAHMKA OAWHAKOBH. [lostoMy aJjiekTpocTaTh-
YeCKOe TIoJIe KYJOHOBCKHX CHJ (KYAOHOBCKOE 3AeKMmpuecKoe
10a¢) He MOxeT OOECHEeYHTb IIOCTOSIHHOTO 3JIEKTPHUECKOro
Toka B nposopanke (I111.2.1.4°).

2°, Ilns Toro uroGbl B NPOBOAHHMKE MOT CYWECTBOBATb Ii0-
CTOSHHBIH TOK NPOBOAMMOCTH, HEOOGXOZMMO BHIIONHEHHE CJe-
LYIOUHX YCJOBHH:
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a) HANPSIKEHHOCTh IJMEKTPUYECKOTO MOJMA B MPOBOAHHKE
HOMXKHA OBITh OTJIHYHA OT HYJIA M He JO/KHAa H3MEHATHCA ¢
TeYEHHEM BpPEMEHH;

6) uenb NOCTOSAHHOrO TOKA IMPOBOJUMOCTH JAO/KHA OBITh
3aMKHYTOH;

B) Ha cBOGOJHBIE 9JICKTPHUYECKUE 3aPsiAbI, TOMHMO KYJIOHOB-
CKHMX CHJ, JO/KHBI feHCTBOBATb HEJIEKTPOCTATHUECKUE CHJIBI,
Ha3bIBaeMEbIe CMOPOHKUMY curamu. CTOPOHHHE CHJIIBI MOI'YT GbITh
CO3/laHBl HCTOYHMKAMH TOKa (rajbBaHHYECKUMH 3JeMEeHTaMH,
aKKyMYJATOPaMH, SJEKTPHYECKHMH TeHepaTtopaMH H Jp.).

3°. 3a cueT CTOPOHHHUX CHJl 3/IEKTPUUYECKHE 3apsAbl JBH-
KYTCS BHYTPH HCTOYHHKA TOKA B HallpaBJeHHH, IPOTHBOMOJIONK-
HOM JIeHCTBHIO CUJI 3JIeKTpOcTaTHuecKoro mouss. DBaaropaps
5TOMY Ha KOHIaX BHellHe#l Lenu NOANePIKUBAETCS Pa3HOCTh
NOTEHIMAJIOB ¥ B LeNH KACT NOCTOSAHHBIA 3JeKTPHYECKUH TOK.
PaGora, KoTopasi HeoGxonuMa AJjiA ofbecredeHHsl YNOPSLOUEH-
HOTO JIBIXKEHMSI 3JIEKTPHUECKUX 3apsi0B B NPOBOJHHKE IpPH
NPOXOXKJACHHH MO HEMY IOCTOSHHOIO SJEKTPUYECKOro TOKa,
COBepILAETCH 3a CYUeT SHEePrHH HCTOUHHKA TOKa.

4°, CmopoHHUM 3AEKMPULECKUM NOEM HASHIBAETCS HEINEKT-
pOCTaTHYECKOe 3JIEKTPHYECKOE [0/, B KOTOPOM JABHXKYTCH
CBOOOLHBIE 3/IEKTPHYECKHE 3apsJbl B POBOJHUKE B YCJIOBHUSAX,
Korja AeACTBYIOT CTOPOHHHE CHJIBL.

Hanpsascennocmero  cmopornezo  asrekmpuueckozo noan ECT
Ha3biBaeTcs pU3nuuecKasi BeJIYNHA, YHCIEHHO PaBHas CTOPOHHEH
cuiie, NEeACTBYIOUIEH B CTOPOHHEM 3JIEKTPHUUECKOM [oJe Ha
eUHAYHBIA MOJIOXKHTEIbHLIN 3apsiA, HAXOASILIUACA B JAaHHOH
TOYKe BHYTPH NPOBOJHUKA

cr
B=

rae FT — cTopoHHAA cHsia, KOTOpasi AeHCTBYET Ha HOMOKHUTE/b-
ublii 3apsy g. Ilo nanpasnennio ET coBnapaer ¢ Fe™.

2.3. JaexktTpoasuxymas cuja. Hanpskenue

1°. BHyTpH npoOBOAHMKA, 10 KOTOPOMY NMPOTEKAeT MOCTOSH-
Hblfl 3JIeKTpHYEecKHH TOK, HanpsukenHocTs E anexTpuyeckoro
noas no npuHuuny cyneprosuuuu noiei (I11.1.3.7°) pasua

E = E®v7 4 E°T,

rae E*¥" p E°® — cOOTBETCTBEHHO HANpPSKEHHOCTH KYJ/IOHOB-
CKOro moJisi M NOJAA CTOPOHHUX CHJI.
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2°. PaGora no nepemeiie o 3apsjia o NPOBOAHUKY B Npo-
neece NPOTEKAHHS 110 HEMY 3JIEKTPHYECKOTO TOKa COBepliaercs
KYJIOHOBCKMMH n cTopoHHnMu chsamu. Tlonnas pabora A paeHa

A=Auy.n+Ac1"

rae A*7 — paGora xyaonosckux cua (111.1.7.1°), A —
pabora, KoTopasi COBEpPILAETCs 3a CueT ACHCTBHSA CTOPOHHHX CHJI,

Ioanas paGora, KoTopasi cOBEpUIAETCA NPH NEpPeMelleHMH
€ANHHYHOTO NOJIOKUTENLHOTO 3apaja Ha ydacTKe I—2 sjeKr-
J pHUECKON 1ienu, No KOTOpoH npo-

O

7 6;,! $ TeKaer MOCTOSHHbIL TOK,
Ax-z A?!g—*_ ._2
Puec. 111.2.1 7 7 Pt

TA€ ¢ — TMONIOXHKTENbHEI 8apaji, KOTOPH NepeHOCHTCH
Ha yuactke I—2 (puc. 111.2.1). Coraacio (I11.1.8.2%),
AHZJI
222 — ¢,—@, €cTb pasHOCTb NOTEHLMaJOB B Toukax I u-2.

3°. Jaexmpodsuscyweli curoii &,_4 (3. A. ¢.), geficTpylomei
Ha ywacTke [—2 uenu, HashiBaercss (u3nyeckasi BeJHUMHA,
YHCJIEHHO paBHas paGoTe, KOTOPYIO COBEPLLIAIOT CTOPOHHHE CHIILI
NPH nepeMelieHnn Ha yyacTKe /—2 eANHUYHOTO NOJIOKHTENbHO-
ro sapsja:

Al—ﬂ
eg_l - q .

4°, Hanpancenuem (nadenuem nanpascerus) U, ; Ha yua-
cTKe nenu /—2 Ha3biBaeTca (usnvueckas BEANYHHA, YNCICHHO
paBHas nojHo# pabote, KOTOpas COBEPUIAETCS KYJOHOBCKHMH
H CTOPOHHUMH CHJIAMM NPH NEPEMEIleHHH BJ0Jb Y4acTKa Lenu
€MHHYHOrO NOJOXKHTENLHOTO 3apsaia M3 TOYKH | B TOuky 2
(pne. 111.2.1):

Uz—l = I'q—lq:! = ((Pl—q)z) + é)a— 1

Hanpsixenne Ha KoHIAx yyacTka nenun /—2 paBHO pas-
HOCTH NOTEHUHANOBBTOUYKaX / H 2TONBLKO B TOM CJaYy-
9 ae, eci Ha ITOM yqacn(e He npnnomeﬂm 3. A. C.t U2_1='
=@;—@y IpH &,_,=0

2.4. 3axon Oma
1°. Baexmpuneckum  conpomusreruem (COnPOMUBACHUEM)

yuyacTRa uenH /—2 NpHHATO CYUNTATh ONHY H3 XapPaKTEPHCTHK
9/IEKTPHYECKHX CBOMACTB AAHHOTO YYacTKa HENH, ONpPeaeisio-
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IYI0 YNOPANOYEHHOE NEpeMEenne HOCHTENEH TOKa Ha 3TOM
yuacTke.

ConpoTnB/NeHHe MeTa/JIHYECKOTO NPOBOAHHKA Ha YuacTKe
HepasseTBieHHoft nenn (111.2.6.1°) saBucur or Marepnana npo-
BOJIHHKa, €ro reoMerpuyeckoil GopMbl H Pa3MepoB, & TaKKe OT
Temneparypn (111.2, g 1°). Ans 0fHOPOAHOTO LHAHEAPHYECKOTO
NPOBOAHKKA AMHHON Ji3 M NJIOMAABIO NONEPEYHOTO CeueHHs S
conporupjienne R,_y pasHo (puc. 111.2.2)*)

l
Ra—i"': p.gl,

The p — ydeavHoe conpomusserue npoeodruxa. Tak Hasnpaercs
CONPOTHBJEHHE OAHOPOAHOTO NUHJIMHEPHYECKOTO NPOBOAHHKA,

r'l'L-l 2
| S 1 -

A
Puc. 111.2.2 Pue. 111.2.8

O~

H3TOTOBJIEHHOT0 H3 RaHHOTO MaTepHaja H HMEIOLIEr0 eAHHHY-

HYIO JVIHHY H €IHHHYHYIO IJIOAJb NMONEPeYHOro CEYeHMs.
Beannunna, o6paTtHasi YHEJbHOMY CONPOTHBJAEHHIO, Hash-

BaeTcs yO0eabHOll 3aeKmponposooHocmbro (nposodumocmoio) npo-

600HUKA: A= —.

2°, 3akon Oma 04f npoussonrbHO20 yyacmKka yenu: Hanpss
JKeHHe (ajleHne HanPsXKEHHs) Ha YUacTKe LeNy paBHO NPOH3Be-
JEHHIO CONPOTHBJIEHHS STOTO yyacTKa Ha CHJY TOKa:

Ugi= Rz-ll

Wnaue: najeHne HanmpsKeHMs Ha yyacTKe LENH PaBHO cyMMe
Pa3HOCTH MOTEHUHANOB Ha KOHIAX yuacTKa M NPHJIOKEHHBIX K
HEMY 3.4.C.:

Ry = (91—9,) + &1
3°. 3axon Oma 0an yuwacmxa yenu, ne codepacaujeeo 5.0.c.
? 111.2.3). B s3roM cayvae &,_1=0, U, ;=¢i—¢s
(I11. 2.3. ) u
I=0=Ts,
91

*) TlporoAHHK ¢ CONPOTHBJCHMEM R,y HHOTAA HESHBaeTCH pé-
sucmopos (o1 aHTAMACKOTO sresistancer).
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Cuna Toka NpPAMO MPONOPUUOHANLHA PA3HOCTH MOTEHIUANOB
Ha KOHIaX YYacTKa LenH H OGPATHO NpPONOpPUHOHAJbHA COMNPO-
THBJEHHIO 3TOT0 YYacTKa.

&, 3axon Oma 023 noanol srexmpuneckoll yenu, cocrosuies
M3 MCTOYHHKA TOKa C 3.4.C. & ¥ BHYTPEHHHM CONPOTHBJICHUEM
r H BHeHero conporusieHus R, (puc. [11.2.4).

Das nonmofi LenH ¢;=@,, Ii’,_ =R=R,+r ectb n0A-

Hoe conpoTHBJAeHHe Hemd U &,_;=d&. ITosromy
1=-€_,
Rgg+-r

Cura TOKa B LM NPAMO NPONOPUHOHANBHA 3.4.C., Hed-
crByiomel B 1en, H o6paTHO NPONOPUHOHAJIBHA CyMME BHEUI-
HEr0 M BHYTPEHHEro CONPOTHBJEHHH.

i
& * =
Ire
7 e obKod
”Jll anpmachle
| SO |
Puc. 111.2.4 Puc. 111.2.8

Hanpsaxcerue (nadenue nanpsoenus) U ra srewmed yenu
= Rew _ po__
U=IRpy=-£R0 —g—Ir,

rae Ir — nmajeHue HanpsIKeHHA BHYTPH HCTOUHHKA TOKa.

5°. Ecun nosHas siieKTpuUYecKas LENb COAEPIKUT HECKOBKO
HCTOYHHKOB TOKa, 9.1.C. KOTOPHX paBHH, Hanpumep, &%,
&, €, (puc. 111.2.5), o s.x.c. &, neicrByomas B uenu,
paBHa anre6panuyeckofi cymme 3.4.C. OTAEJbHBIX HCTOUHHKOB
TOKa:

N
& = ge,.

3HaueHHe 5.1.C. CUHTAETCA NOJIOKUTENBHBIM (OTPUUATEND-
HBIM), €C/H NPOH3BOJbHO BHOpaHHOE HanpasjeHHe ofxona
uenu (Ha puc. I11.2.5 nporus yacoBo#i cTpenxu) coBnanaer ¢
MepexoioM BHYTPH HCTOYHMKA OT OTPULATEJABHOrO (NOJIOMKH-
TEJABHOro) NOJICa MCTOYHHKA K IOJIOMHTENbHOMY (OTpHia-
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TenboMy). Ilast uenn, nsobpaxennoit na puc. I11.2.5,
6’ =£1‘_£g+é}9'

6°. Ina pa3oMKHyTOH asekTpuueckoll uemu /=0 u, cor-
Jacho ‘N, 2°, &, i=@s—¢;. D.A.C. HCTOUHHKA TOKa H3Me-
pAaercs Pa3HOCTbIO MOTEHIHAJIOB Ha €r0 KjeMMax MNpH pasoMK-
HYTOH BHEIHeHd Hemnu. '

7°. 3axon Oma 0 NAOMHOCMU NOCMOSHHOZ0 MOKQA 8 Me-
maarax (3axkon Oma 6 IAeKMPOHHOU meopuu):

j=ME=LE.
P

[TnotHoCTb nocTOstHHOTO ToKa (111.2.1.6°) paBHa npou3BeieHnio
VAJIbHOH 3JIEKTPONPOBORHOCTH (1. 1°) Ha HanpaxKeHHOCTh
3AEKTPHYECKOrO NOJISI B JaHHOH TOYKe BHYTPU METANLIHYECKOTO

NPOBOAHKKA ¢ TOKOM. CpeiHsisi CKOPOCTb V YHOPSI04EHHOTO
IBHKEHHUA 37ekTpoHoB B Merajae (I111.2.1.7°) nponopunonasb-
Ha HaNPsKEHHOCTH 3JEeKTPHUECKOro IoJs B JaHHOH TOYKe
TPOBOHHKA:

- et
V—-—%E,

rie e — aGcoNloTHOe 3HaueHWe 3apsaja 3JEKTPOHa, rm — €ro
macca, T — cpeiHee BpeMa CBOGOZHOrO npobera saexTpoHa
(11.2.3.3%.

B xnaccrueckoll 3/1eKTPOHHON TEOPHH 3JIEKTPONPOBOLHOCTH
METa/VIOB NpPEeANOJIaraercsi, YTo cBOOOAHEIE SJIEKTPOHBI B Me-
Taannueckom npoeonnuke (11.7.1.2°) nop gmeficrBueM 3nekTpH-
YeCKOro noJisl YCKODEHHO JBHKYyTcH ©e3 CTOJKHOBeHuHl OT
OZHOTO y3jia KPHCTaJInuecKod peweTkn Meramna (11.1.6.5°)
Ro_apyroro. Inorrocers Toka (111.2.1.7°) Bripakaercs dopmy-
N0l

ne’t
j=env=—— E=AE.

YienbHasi 37€KTPONPOBORHOCTh MeTajsna B  KJAacCHUECKOR
JIEKTPOHHOI TeopHH
nedy

1
h===5r

3apaua. bBarapes ¢ a.A.c. 16 B samxnyra wa nputop.
Cuna Toxa B npubope 2 A. Kosddunnent nosie3noro aeiicTeus
Garapen 0,75. OnpenennTe BHYTPEHHEE CONPOTHBJEHHE OGa-
Tapeu.
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Hano: =16 B, I=2 A, n=0,75.
Hadmu: r.

Pewenue: 3akon OMa ajsi 3aMKHYTOH nenu: l=§%. N

&=U+Ir, rae U=IR — najenne HanpsKeHHA Ha BHELIHEM
CONPOTHBJEHHH, [Ir — najeHUe HANpPsKEHHA Ha BHYTpPEHHeM
COTMPOTHBJICHHH.

Kosdpdpuuuent nonessoro peiicrsusi Garapen y=U/E,
cnegosarenvio, U=n& u &=né+1r, otkyna

r=§;(l,_;nl, r=ﬂ-}o~'7—5)OM=20 M.

2.5. 3aBUCHMOCTb COHDOTHBJICHHS OT TeMOEPATypHl

1°. YaenbHoe conpoTuB/IEHHE P MPOBOLHUKOB 3aBHCUT OT
TeMneparyph:
p=pu(l +at),

rae po — yAenbHoe comporubienue npu 0 °C; ¢ — remnepary-
pa no mxajge Lleancus, a=p-—p.';t‘—"-'—mennepamypuud K03¢h-
uyuenm conpomusieHus — OTHOCHTEJbHOE H3MEHEHHE CONpo-
THBJIEHUs MPOBOAHHKA NMPH HarpeBaHHUH ero Ha OAMH Fpajyc.

2°, [lns wmerasiop M cmiaBoB B uHTepsBane 0--100°C
3Ha4YeHHe TeMNepaTypHOro KO(PHIUHEHTA CONMPOTHBJIEHHA O
usMensierca B npesenax (3,3--6,2) -10~* rpag~t. OObuno pna
YUCTHIX METAJlJIOB npuHHMaercs, uro a=(1/273) rpag~t. Iaa
3/1eKTponuTOB a<l0.

3°. 3aBHCHMOCTH YAGNBHOIO COMPOTHBJICHHA YHCTHX Me-
TaJJIOB OT TeMIepaTypsi He MOXKeT OBTb YAOBJETBOPHUTENLHO
o6bpfAicHEeHa B paMKaX KJACCHYECKOR 3JIEKTPOHHOR Teopuu
3NeKTponpoBoHOcTH. B coBpeMeHHOR KBAUTOBON TEOPHH BMeK-
TPONPOBOAHOCTH METANJIOB JOKa3HBAETCA, YTO NPH BCEX TeM-
neparypax, Kpome aGCOMIOTHOIO HYJs, cBOGOIHKIE 3JMEKTPOHK
HCNBITHIBAIOT TaKHe B3AHMOACACTBHA C y3/aMH KpHCTaIHYe-

CKOIl peleTKH MeTaana, 4YTO cpeaHee BpeMsA T CBOGOZHOrO
npofera 3JIEKTPOHOB B OGJIaCTH CPENHHX TeMnepatryp ofpatho
npOMOpUHOHANBHO abcomtorHofi TeMneparype 7T Meraana

(?~—%—) M p NPSMO NPONOPUHOHANBHO aGCoMOTHOA TeMnepa-

Type (o~T).

4°. Sflerenue ceepxnpogodumocmy, KOTOpoe OOGHApyMHBA-
eTCAl Y HEeKOTOPHIX MeTa/qJioB H CIJIaBOB, 3AKJIOYAETCA B TOM,
YT@ HHMKE HEKOTOpod Ttemuepatypu (memnepamypa T, nepe-
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x00a nposodnuKa 6 ceepxnposodswee COCmMosKue) YLeIbHOoe
CONPOTHBJICHHE 3THX BELIECTB CTAHOBHTCS HCYE3AIOLE MaJibiM.
Temneparypn 7,, AIsi UYHCTHX METaJJIOB H3MEHSIOTCH OT
0,14 K (upnauit) mo 9,22 K (umo6uit); ans cniasoB — oOT
0,155 K (Bi,Pt) no 23,2 K (Nb,Ge).

JLOCTHTHYTH 3HAUWTENbHLIE YCEXH B MOJNYUYEHHH GbLICOKO-
memnepamypnoli csepxnposodumocmu. Ha Gase merannoxepa-
MHKH TNOJYYeHH! BeillecTBa, AJIA KOTOPHIX Temnepatypa T,
Nepexoa B CBEPXNPOBOAsILES COCTOSHHE NPEBLIIAET TEPMOAH-
HaMHyeckylo TeMmneparypy 77 K (remnepaTypy CXMUKeHHsA
a30T1a).

SipIenMEe CBEPXNPOBOAHMOCTH MCHOJL3YeTCs AJisi Hoayude-
HHSl BECbMa CHJIbHEIX MAarHUTHBIX nonell. Ecin o6MOTKY 37€KT-
pomarnuta (I111.4.3.7°) usrorosuTh H3 cBexnmpoBoasiuell npo-
BOJIOKH, TO B TaKkoh OOMOTKe CO3ZaeTcsd OrpoOMHasi IJIOTHOCTb
TOKOB H, COOTBETCTBEHHO, 9SJIEKTPOMAarHHT HMeET CHJbHOE
MarHuTHOE HoJe.

Ha gBieHnH cBepXnpoOBOJHMOCTH OCHOBAHEL HEKOTOpHIE
3JIEMEHTBl DaMATH cuYeTHOpellalowux ycrpoicrs. [lpunuun
ReHCTBHA TAKHX 9JIEMEHTOB, M3IOTaBJHBAaEMBIX U3 CBEpPXNpo-
BOASILIUX TIJICHOK, COCTOMT B TOM, UTO TOK, CO3JaHHLIA B CBEpX-
NPOBOASINEM KOJbLE, HE 3aTyXaeT oueHb goJro. Ha npunnune
paspyiueHHs1 CBEPXTIPOBOASILIETO COCTOSIHHA MarHHTHBIM 1107€M
OCHOBAHO MHOTAA YCTPOMCTBO INEPEKJIOUAIOHIHX 9JIEMEHTOB
COBpPEMEHHKIX SJIEKTPOHHBIX BHIYHCANTENbHBIX MawuH. JlocTu-
JKeHHe BBHICOKOTEMIIepaTypHOR CBEPXNMPOBOJAMMOCTH CYLIECT-
BEHHO NpHOGAMKaeT BpeMsi LIHPOKOTO TEXHHUECKOIO HCNOJb-
30BaHHSl 3ITOTO fBJIERHA.

Teopus sBJEHHA CBEPXNpPOBOAHMOCTH paspabGoraHa B COB-
pemeHHOM KBanTOBOH Mexanuke. O3HaKOMJIEHHE C Hell BHIXOAUT
3@ paMKH Kypca 3JIEMEHTapHOH (HU3MKH.

2.6. PaspeTBaenne TokoB. CoeaMHeRHs NMPOBOAHHMKOB

¥°. Saexmpuseckan yenv mnpencTaBisieT coGOH COBOKYI-
HOCTh NPOBOAHMKOB M HCTOYHHMKOB TOKa. B ofuwem cayuae
SN€KTPHUECKAas LeNb SABJISETCH paseemeAeHHol  (CA0CHOU)
¥ COAEPXKHT Y3Jbl. Y3404 A B Pa3sBETBJICHHONA lenH HasLBa-
€Tcsl TOYKa, B KOTOPOH CXOAMTCHA He MeHee TPeX IPOBOJHHKOB
(puc. 111.2.6). Pacuer pa3BerBJIEHHOH LeNH COCTOUT B TOM,
yTo6H 1O 3aJjAHHBIM CONPOTHBJIEHHAM YYacTKOB LENH U npH-
JIOREHHEIM K HMM' 3.A.C. HAHTH CWJIbl TOKOB B KaX(JJOM Y4acTKe
nenu. Jna pacueroB pPa3BeTBJCHHBIX uenell NpUMEHAIOTCH
ApaBHAA Y3JOB H KOHTYPOB.
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2°, Ipasuro- ysros (nepsoe npasuso Kupxzopa): anred-
pauueckasi CyMMa CHJI TOKOB, CXOAMIUHXCA B Yy3Je, paBHa
HYJIO:

2 Ik=0v
k=1

TAe i — YHCIO MPOBOAHHMKOB, cXoasiuuxcs B ysnae. Toku cu-
TAlOTCA TOJAOXKHUTENbHBIMY, eC/iM OHy BTeKawTr B ysen. OTpu-
LaTeJbHBIMH CYHTABIOTCA TOKH, OT-
g7 XOAsiMe OT y3ha.

4 8°. Ipasuro xonmypos (smopoe
npasuro Kupxeopa): B 1060M 3aMk-
HYTOM KOHTYDE, IIPOH3BOJIbHO BBIG-
y pPaHHOM B Pa3BeTBJIEHHOH 3JIEKTPH-
5 yeckoil mend, anreGpanueckasi cymma
% npousBefieHu cHal TokoB /[, Ha com-
puc. 111.2.8 pOTHBJEHHS R, COOTBETCTBYIOUIUK
YYacTKOB 3TOr0 KOHTypa paBHa aj-

re6panyeckofl cyMMe HMEIOWUXCH B KOHTYpe 3.4.C..

Z [kRk=,Z 81'
k=1 i=1

Ecnn Toku I, coBnapaior ¢ BHOpaHHKM HampaBjieHHEM 06-
X0ja KOHTYpa, TO OHH CUHMTAIOTCH MOJOMHTEJNbHBIMH. J.A.C.
&; CuUMTAIOTCA TONONKHTENbHHIMH, €CJIH OHH CO3AAI0T TOKH,
HanpasJ/ICHHBIE B CTOPOHY 00XOZa KOHTYpa.

4°, Pacyer pasBersjeHHOi 1eNH NOCTOSIHHOIO TOKA MpPOBO-
JUTCSL B TakOH MOCAeNOBATEIbHOCTH:

a) NMPOM3BOJBLHO BBHIGHPAIOTCA HAMNPABJIEHHA TOKOB BO BCexX
y4acTKax Ueny;

6) 3anHCHBAIOTCA n—] He3ABHCHMBIX ypaBHEHHH npasu/a
y3J0B, TJie¢ N — YHCNO Y3JIOB B UeNH;

B) NPOH3BOJIbHBIE 3aMKHYTHIE KOHTYPHI BBUIEASIOTCA TaK,
4TOOH KaXALIH HOBBI KOHTYp cofepalt o KpafiHell mepe OXUH
y4acTOK IeNH, He BXOAAMH B paHee PacCMOTPEHHbIE KOHTYPHI.
B passersneHHoit uenu, copepaueii 7 y3J0B H M Y4acTKOB
IeMH MeXIy COCeJHHMH Y3/1aMH, YHCJAO HE3ABHCHMHIX ypaBHe-
HUfl npaBusia KOHTYpOB pasHo m — n+1.

5°, TIpu cocTaBlieHHH 3JIEKTPHUECKONR UEMH NPOBOAHHKH
MOTYT COEJMHATbCHA MOCJAEAOBATENIbHO MM NapasJieNbHo.

ITIpu  nocredosamesvHom  coeQuHenuu  nposodHuKos
(puc. 1I1.2.7):

4) CWJa TOKa BO BCeX YaCTAX LeMH OAHHAKOBA:

I = const;

4
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6) nmajieHHe HanpsHKeHWs B HeNM DPABHO CyMMe NajeHHH
HanpAKeHNH Ha OTAENLHHIX YydacTKax:

U=U,+U,
B) NajieHMe HanpsiKeHusi Ha NPOBOAHHKAX NPAMO nponop-
UMOHAJbHO HX CONpPOTHBJICHUAM:
Ui R,
Us Ry’

r) ofimee CONPOTHBJEHHE €Ny, COCTOSEN M3 A7 nocie-
JIOBATETBHO COENVHEHHBIX NPOBOJAHUKOB, PAaBHO  CyMMe

o =
(4)
A A [ ]
- ®-
Puc. 111.2.7 Puc. 111.2.8

CONPOTHBJIEHHH OTHEJNBHEIX NPOBOLHHUKOB!
R=R,+R;+ ... +R,.

6°. Ilpu  naparservHom — COeOuHeHuu  NPOSBOONUKOE
(puc. II1.2.8):

a) CuJia TOKa B Hepa3BeTBJICHHON YacTH IENH PaBHa CyMMe
CHJI TOKOB, TEKyIlUX B Da3BeTBJEHHBIX YYacTKaxX LEMH:

I=1,+41

6) najeHusi HanpsKEHHsT B NapajuleJibHO COEJHHEHHBIR
YYacTKaXx LenH ONWHAKOBHI:

U =const;
B) CHJbl TOKOB B yyacTKaX pPa3BETBJAEHHOH uend o6parTHo
[PONOPUHOHANLHBL MX CONPOTHBJIEHUAM:
fi_ R
i~ R
7°. Beavuuna A, ofpaTHasi CONPOTHBJIEHHIO YYacTKa 1LlenH,

Ha3HBAETCH 34eKmponposodrocmeio (nposodumocmoio), A=1/R,
BneKTponpoBOAHOCTL LENM, COCTOAMEN H3 £ Napas/ieNbHO



224 OTAEJ ({I. IJI. 2. AOCTOAHHBIA 3NEKTPHUBCKHA TOK

COSAHHEHHBIX [MPOBOAHHKOB, paBHa CyMMe 3JICKTPONPOBOA-
HOCTEd BCex NPOBOAHUKOB!

A=A 4A 4 .. A,

HJH
1 1 1 1
TRttt Try

3anasa 1. Vsmeputenvueifi mpu6op — rajabBaHOMETp cOIl-
potusjendeM 50 OM MOMKeT H3MEPATH CHAY SJEKTPHYECKOro
toka jgo 0,1 A. Kak BK/MOYHTH €ro B 1enb, YTobbl OH CTask aM-
fIePMETPOM, H3MEPSAIOIUM TOKH cuitoft a0 10 A, uiau BObTMET-
poM At H3MepeHusi Hanpsikenus go 100 B?

Hano: r==50 Om, i=0,1 A, I=10,0 A, U=100B.

Haiimu: Ry, Rs.

Pewerue: Jlna usmepeHns TOKOB GONBILUX, YeM Te, HA KO-
TOpHle paccydHTaH mnpH6op, HAaRO0 K MNOCAesHEMY MOAKJIO-
YUTH  MapalielbHe pesucTop Rj, HasuiBaeMblit wyHAOM

I i_ T
-0
I -..@4———%——.-
e - :
Puc. 111.2.9 Pac. I11.2.10

(puc. 111.2.9). Amnepmerp BKJ/IOUaeTCA B Lenb MOC/AeA0BATENb-
Ho. Cuna toka B uenu I=i+Iy, rae I; — cuna Toka, HAyLIETO
yepes wyHTt. Conporusaende wydra Ry=U/I;, rae U — na-
ACHUE HANPSMKEHHSA, PABHOE SAECh OJHHAKOBOH Pa3HOCTH no-
TEHIHAZOB HA KJEMMaX aMmepMeTpa ¥ HAa KOHIAX IHyHTA:
U=ir.

Torna

ir 0,1.50
Ri=7= Ri=p5h—p7 OM=0.05 Om.

J1s M3MepeHHa HanpsIKeHUA raJbBaHOMETPOM HEOOXOAUMO
NOC/ACAOBATENIBHO K HEMY MOAKJIOUHTH A00ABOYHOE COMpPOTUB-
aexue R, (puc. 111.2.10). BoabT™merp BKIIOYaETCA B 9/JEKTPHYE-
CKYI0 1enb NapalieNbHO Pe3HCTOPY, Ha KOTOPOM H3MeprercH
nafiedue Hanpsokeuud. JloGaBouHoe COHPOTHBACHHE Ry==
=U,/1, rae U, — nagexne HanpsukeHus. PasHocTb moTeHupa-
J0B Ha Knaemmax ranpsanomerpa U,=ir, Uy=U-—U,.
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Pasnocts noreHumanoB Ha R0GaBOYHOM COMPOTHBJICHHH
Us=iR,. Toraa

U—ir 100—0,1.50

Rz == v ’ 2 = '_0—:_1‘__

3anaua 2. K MCTOUHHMKY TOKA MOAKJIIOYEHDBI MOC/IEN0BATE -
HO amriepMeTp U pesuctop. BoabTMeTp moakJoueH napasienb-
HO pesucropy (puc. 111.2,11). Tlokaza-
Hust BojbTMeTrpa 200 B, ammnepmerpa
0,5 A. ComporuBneHueM amunepmerpa
MOXKHO npeHebpedb.

OnpesesuTh COMPOTHBJIEHHE peE3HC-
TOpa B JBYX C/aydasx:

1) Conporusnenne BojbTMerpa Gec-
KOHEUHO BEJIHKO.

2) ConporusJ/ieHHe BOJbTMETPA pas-
HO 2000 Om.

Hano: U=200B, [=0,5A, r=c0, Puc. 111.2.11
r=2000 Om.

Hatimu: Ry, R,.

Pewerue: 1) Tlpu r=o00 cuja TokKa, HAYLWErO UePe3 BOJLT-
MeTp, paBua HyJ0. CONpOTHBJEHHE PE3HCTOPA

Riz.([/_, R1=§0—,—g Om = 400 Om.

Om = 950 Om.

2) Tpu r==2000 Om cuja TOKa B LEHOH PaBHA CyMMeE CHJI
TOKOB, TEKYILHX Uepe3 BOJbTMETp M pesucrop [=i+i;, rie

. .U
! — CHJIa TOKA, TeKYUIero yepe3z BOAbLTMETP, | = s ; ClJid Toika,

TEKYILEro 4epes pesucTop i1-=[—i:!——%.Tor;La

0
R. :_Ff_:_ﬂ_, R._—_——Qg—— Om =500 Om.
L 1 1__2_ 2 0 5,,i09_
r ’ 2000

Pasanuue B pesysbraTax H3MepeHHH OyieT CcOocTaB/AThb
AR=500-—400=100 Om.

3anaua 3. ITorenuwuomerp c¢ couporusierneM 3,0 kOwm
HOAKJIOUEH K HCTOYHHMKY TOKZ, 3.1.¢. Koropore 110 B. Onpe-
JeNUTD Najenye HanpskeHdsl Ha IpUbope, KOTOPLIA CoejuiieH
C OAHOH M3 KJEeMM noTeHuuomerpa [ U NOJABHIKHBIM KOHTAKTOM
C, HaxopAlWuMcs nocpeauHe norexuuomerpa (puc. 111.2.12).
Cornporusienne npubopa 10 xOwm.

[lomenyuonempom Ha3BIBACTCsi  YCTPOHCTBO, HasHauelie
KOTOPOIG COCTOMT B TOM, UTOOLI H3MEHATH PA3HOCTD HOTEHIkLE-
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JIOB Ha KOHLAX KaKoro-1u6o yuactka uenu. [ns 310 nean B
5JIEKTPHUECKYIO LleNb BKJ/IIOYAIOT C NIOMOLIBIO TPEX KJIeMM HPOBO-
JIOUHBIH PEOCTAT C NOABHXKHBEIM KOHTAKTOM.

Hano: R,=10 kOm=1,0-10* OMm, R,=3,0 kxOm=3,0X
% 10® Om, §=110 B.

Hatimu: U.

Pewenue: Hanpskenue Lend ¢ cCONpoTuBieHHeM R ecTb
U=IR, rpe I — cuaa TOKa, NPOTEKAIOLIEro 4Yepe3 NOTEHIHO-
merp, R — conporupaenue yuactka ABCD.

é/.' ——;-]}
|
,4.;....%,}.:*’_2_‘.5

I

e

|

Puc. 111.2.12 Puc. 111.2.13

Conporusiiedve R JBYX napa/yieibHO COeIMHEHHBIX CO-
gpoTuBnenuit Ry u R,/2

1

il _ R
—E_Ri—l-Rz’ m R=

Re+2R:

Cuna tToka I=@&/R’, rae R’ — conporuBieHne 10c/1e40Ba-
TEIbHO COENVHEHHHIX COMPOTHBJEHHE R u R,/2, T. e.

. R é 28
R'=R4-Z32, rtorma [I= = )
2 R+-2—2 2R+R,

Hanpsxenne U 251?2—%372 R.Tlocne noacTaHOBKH 3HAYEHHSA

R mnonyuaem
28R, 2.110.1,0.10% -

4R{+Ry’ =4g1,0-104-1-3,0.10313“’51 B.

3ajaya 4. K peocrary mnoakjaioueHa OGarapes H3 OBYX
aneMeHTOB. OnpefesquTh CHIYy TOKA B peocTate B Caydae,
KOTZd 3JIEMEHThl MOACOeIHMHEHbl K PEOCTary pasHOMMEHHBIMH
TIOJIIOCaMHU.

Hano: §,=8 B, r;,=10M, &:=4 B, r,=0,5 Om, R=5 Om.

Hadmu: 1.

Pewenue: Bpibupaem HanpaeJjeHue o6xoja KOHTYPOB IO
4acoBol cTpeiike. CuJibl TOKOB, TEKYMHX B HanpaBjeHHH oG-
X0A@, CUMTAIOTCA MOJIOKHTEAbHBIMH (pHc. 111.2.13),
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ITo npaBuny Kupxroda mas ysia A
L4I=1y; (1)

no mpasuny Kupxroda st KOHTYDOB:
Wi KoHrypa &:1BRAS:

Iiry+IR=§&y, @)

ana KoHTypa &:BRAS.
""']2r +[R:é°. (3)
3 (2) nonyuaem /; = 61— IR — R s (3) umeem I, = é’:{- IR

TloacraBasisi 3Hadedusa I; u I, B (1), nmosyuum
:’i?}_ﬂ@_i_] _Gi— IR

£ Iy

~&,ry+IRr +1ryr,=&r,—IRr,,

, WIH

oTcioga

&t 80,5441 .
=g R~ sTiT0s 5038 A=1 A

Tok I B peocrate, KaK ¥ Ha APYIUX y4acTKax, Mor ObiTh
BHIGpAaH MPOTEKAIOUHM B HAnpaBJeHHH, [POTHBOIONOKHOM
TOMY, KOTOpOe YKa3aHo Ha pucyHke. Torga, npumeHsst mpa-
BHJIA Y3JIOB U KOHTYDOB, HMeeM

=1+, (1)
éul=11r1’_]Ry (2)

&, =—Ir,—IR, ®)

__(gi;_m (.5’1+IR+[ [ «S’I+IR 12:——62«11?,

""62’3 IRry=6&r, ’{”[Rr +]f1fz,
o —észl—éJlfzm——4 1-——805 _
T RridRryrira 8 A=—1A

3HaK MUHYC B OTBETE [I0KA3BIBALT, UTO JeHCTBUTE/IbHOE HANlpaB-
JIeHHe TOKA NPOTHBOMONOXHO BbhIOpAaHHOMY.

2.7. Pabota ¥ MOWHOCTL TOKA. 3aKOH
HAxoyas — Jlenua

1°, KyJIOHOBCKME M CTOPOHHHUE 3JEKTPHYECKHE CHJIBI COBeD-
WAKT paboTy A npu nepeMelieHHH 3apsAOB BIOJb 3JEKTPH-
yeckoil uenu (111.2.3.4°). Ecnu snexTpuueckuiél TOK INOCTOS-
HeH, a ofpasyoniye uenb NPOBOAHHKU HENMO/BUKHLI, TO Hep-
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rua W, xortopas HeoOparuMo npeobpasyercs 3a Bpems [ B
ofbeMe IPOBOAHKKA, paBHa COBEPIIEHHOH pabore:

W=A=1IUt,

rae | — cuaa 1oKa, U — NajicHne HAnPsKEHHS B NPOBOJHUKE,

2°. HeoGparumble npeofpasoBaHisl HEPIHU B NPOBOJHHKE
¢ TOKOM OGYC/I0BANBAIOTCH B3aUMOAEHCTBHEM JIEKTPOHOB NPO-
BOAMMOCTH € y3JaMM KPHCTAJNJIHYECKOH peleTkH MerTanla
(I1.1.6.5). B pesyabrare CTOJKHOBEHHII 3JIEKTPOHOB € HOJO-
JKHTEJNBHBLIMI HOHAMH, HAXOUSIUHMIUCS B Y3/iaX DEILEeTKH, SJI€KT-
POHBI II€PeJaloT HOHaM SHEPTHIO. DTa SHEPris MAET Ha Harpe-
BaHHE TPOBOAHHKA.

3°. MowHocme saekmpuueckoe0 moka paBHa paboTte, KOTO-
past COBepLIGeTCs TOKOM 32 €IMHHILY BPEMeHH:

P=4=1U,

e | — cuna toka, U — najeHue HanpsKeHUA Ha LAHHOM
yuacTKe LEnH.
4°, KoauuecTBO TENJOTH, BLijeasolieecs B NPOBOAHNKE
sa BpeMa I,
Q=W=1Ut.

[pu usmepennn Q B kanopusx (VI[.4.1°), a ocTanbrblX BEAM-
ann B CH (VIL.5.29)

Q=0,241U1t.

JlBe nocnenune (GOpPMYJbl BHIPaXalT 3akoH JIwcoyain —
Jlenya: KOIWYeCTBO TENJIOTHl, KOTOPOE BBIAEISETCS TOKOM B
IIPOBOJHNKE, NPSMO NPONOPLHMOHAAbHO CHJIE TOKA, BpEMeHH

€ro NPOXOXKAeHHA NO NPOBOJHHKY H NAACHHIO HANIPSXKCHUS Ha
HEM.

F'arasa 8

SJEKTPHYECKHT TOK
B HEMETAJIJIHMYECKHX CPEJAAX

3.1. JnekTpHYECKHI TOK B 3JEKTPOAUTAX

1°. Suexmpoaumamu Ha3LIBAOTCA BelECTBa, B KOTOPHIX
2J1eKTPUYECKUH TOK OCYLIECTBJSETCS HOHHOH NPOBOARMOCTBIO.
Honnol nposoduMmocms0 HA3HIBAETCA YNOPSAOYEHHOE ABUKE-
HHE WOHOB NOJ JEHCTBUEM BHEIIHEr0 3JEeKTPHYECKOro IIOJd.
JUEKTPONKTaMH ABJARAIOTCA PacTBOPbl KMC/OT, Liedoyell u co-
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Je#l, a TaKkxe pacimJaBjeHHBlEe coJH. HoHamu HA3BIBAIOTCA
aToMbl HWJIM MOJICKYJ/Ibl, MOTEPSBILHE HJH NPHCOSAHHUBIIHE K
cebe OJMH WK HECKOJbLKO 3JEKTPOHOB. [1040xcuUmenbtbie UOHbL
HA3LIBAIOTCH HHAYE KQMUOHAMU, OMPUYQmMesbHble UOHbE —
aHuoHamu, DIEKTPHYECKOe 110/, BLI3LIBAIOIIEE YIOPSA0YEHHO
LBUIKEHHE HOHOB, CO3Ja€TC B KUJAKOCTH 34eKmpodamu —
[IPOBOJHUKAMH, COSAHHEHHLIMH C MCTOUHHKOM TOKa. [losoxu-
TENbHO 3apSIKEHHBIE 3JIEKTPOJ Has3blBaeTCs aHodom, OTpULA-
TeJbHO  3apsKeHHBI — Kamodom. IlonoxuTeNbHEIE HOHH
(KaTHOHBY) — HOHBI META/JIOB M BOAOPOJHBIE HOHBEI — JIBH-
KYTCA K KaToiy, OTPHIATe/IbHble HOHBl (AHHOHBI) — KHCJIOT-
HbIe OCTATKH M THAPOKCHAbHbE rpynnsl OH — gBHxKyTCa K
aHony.

2°. TIpoxoxzaeHUe INEKTPUYECKOrO TOKA 4epes KHAKOCTH
COMPOBOMKAAETCS  3ACKMPOAU3OM —~— BBIIEJIEHHEM HA 3JeKTpO-
JaX BeilecTB, BXOAAMHUX B COCTAB 3JEKTPOMHTA. DJIEKTPOJHUTH
uHaue HasbiBaoTCa npogodHuxamuy 11 poda. B HUX TOK cBsi3ah ¢
IIEPEHOCOM BEIECTBa, B OTJNHYME OT METAJJIHUECKHX MPOBOJ-
HHKOB — npogodHukos 1 poda, B KOTOPBIX HOCHTENSIMH TOKa
ABASIOTCS OCOCILeCTBJIEHHbIE, KOJIEKTHBU3HPOBAHHLIE 3JIEKT-
poubt meramios (11.7.1.2°).

3°. BosHUKHOBEHHE HOHOB B 3JIEKTPOJNHTAX OODLACHSETCH
SBJICHUEM JACKMPOAUMULEcKOl duccoyuayuy — PaciajoM Mo-
JIEKY/1 DACTBOPEHHOrO BELIECTBA Ha IOJIOMHTENbHLIE H OTPH-
naTebible HOHBEl B Pe3yJ/ibTaTe B3auMOZAEHCTBUS C PACTBOPHTE-
Jiem. MOJTeKY/IBl pacTBOPsIeMBIX BELIeCTB COCTOAT H3 B3aUMOCBS-
3aHHBIX HOHOB I1POTHBONOJIOKHOIO 3HaKa (Hanpumep, Na*Cl~,
H+Cl=, K+I~, Cu++50,~~ u 1. 1.). CHJIBI NPUTSKEHUST MEKIY
THMH HOHAMM OGECHeYHBAIOT LEJOCTHOCTb TAKHX MOJIEKYJI.
BaaumopeficTBie STHX MOJIEKY/J C MOJAPHBIME MOJIEKYJaMu
pacteoputetsi, Hanpumep Boabl (I11.1.6.4°), mpuBomur K Oc-
J1a6JIeBHI0 B3aHMHOIO IMPHTSKEHHS NPOTHBONONOXKHO 3apsi-
JKEHHRIX HOHOB., IIpH TEn/oBOM, XaOTHUECKOM JBHXKEHHU MO~
JIEKYJ PacTBOPEHHBIX BeUIeCTB H PACTEOPUTEIECH NPOHCXOAAT
KX CTOJKHOBEHHS, KOTOpPble NPHBOAAT K Pacmafy MOJIEKYJ Ha
HOHBI.

4°, Cmenensro  Ouccoyuayui o Ha3LIBAGTCS OTHOIUEHHE

UHCAA MOJIEKYJ flg, AUCCOUMHMPOBABLIMX HA HOHBI, K ofLiemy
ng

QHCay n, MOJMEKYJ Bewecrsa: OC=’—1—.
0

[Ipu TermioBoM, XaOTHYECKOM ABHXKEHHH HOHOB B pacTBOpe
MOKET MPOMCXOAUTH MPOLECC BOCCOCAMHEHHS MOHOB MPOTHBO-
MOJOMHBIX 3HAKOB B HEATPA/bHbIE MOMEKYJbl. IJTOT MPOLECT
Hasppacica penomOuxayueld (MOAUBALUed) HOHOB,
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Mexay npoueccaMi 3JEKTPOJUTHUECKON AHCCOLHALMHE H
pekoMOuHAaLUY HOHOB IPH HEU3MEHHBIX YCJOBHSIX yCTaHaBJ/IH-
Baercsl JHHAMHYECKOE paBHOBecHe, NDH KOTOPOM UYHC/IO MoOJe-
KYJI, pacnajamouiixcs Ha HOHbI B INHUIY BPEMeHH, PaBHO uHC-
Jy 1nap HOHOB, KOTODEIE 32 3TO BpeMs BOCCOEJHHSAIOTCS B HEMAT-
pasibHBIE MOJIEKYJIHL.

B cocrosiHMH AHHAMMYECKOTO PaBHOBECHS! PaCTBOP 3JEKT-
poJINTA XapaKTepU3yeTcss ONpefiesieHHOH CTeneHbio JHccolua-
HUH ¢, ONpeAeNAONIed YHCAO HOCHTeNeH TOKa B KHMAKOCTH —
MOHOB NPOTHBOMNOJIOKHOrO 3Haka. (CTeneHb JAUCCOLHAUMH O
3aBHCHT OT TeMNeparypbl, KOHUEHTPAIMH PacTBOpa M OTHOCH-
TEILHON JAM3JEKTPUUECKOH NPOHHIAEMOCTH € pacTBOPHTENs
(111.1.2.6°). HMoHbl B 5/1€KTPONIHTAX ABHXKYTCS XaOTHYECKH JO
TE€X TOP, NOKA B XUAKOCTb HE ONYCKAalOTCs 3JeKTposl (m. 1°).
Torza Ha XaoTHuecKoe JBHMIKEHHE HOHOB HAKJIAABIBAETCS HX
yNOpANCUEHHOE JBHXKEHUE K COOTBETCTBYIOUUM 3J€KTPOAAM
¥ B JXHUIKOCTH BO3HHKaeT 3/eKTpuueckuit Tok (m. 1°).

[110THOCTD 3/IEKTPUYECKOTO TOKA B 3JIEKTPOINTAX NOAYHHSA-
ercsi 3akoHy Oma nmis miorHoctd Toka (I11.2.4.7°) j=AE.
OIHaKO BHIpaXMeHHE Ui YAENbHOH 3/1€KTPONPOBOAHOCTH A
(111.2.4.7°) umeer GoJsiee COKHBLA BUJ, YEM [Jisi METALIOB, | He
paccMaTpuBaeTcsi B 3JIEMEHTapHOH Qu3uke.

3.2, 3akoHB! 3jekTpoau3a. JIHCKPETHOCTD
3JIEKTPHYECKUX 3apsiji0oB

1°. Ilepeoili saxon srexmpoarusa (nepsvitt saxon Papades):
Macca BeIIeCTBa, BBHIAEJSIOUIETOCS Ha 3/EKTPOAE, NPSAMO
NPONOPUHOHANBHA 3JIEKTPUYECKOMY 3apsily ¢, NpPOIUEALIEMY
yepes 3JIEKTPOJIUT:

m==~kq, uwin m=~klt

(mockoabky g=1I¢t, rae I — cuna MOCTOSTHHOrO TOKa, NpOTe-
KaIOLIero uepes pacTBOP 3a BpeMs f).

KoadruueHT nponopuuoHaibHOCTH £ Ha3bIBAETCS 94€KMpo-
xumuueckum axeusasenmom eeulecmeéa. OH UHCIEHHO paBeH
Macce BENIECTBa, KOTOpas BHAENSETCS NPH NPOXOXKAEHHH yepes
3M€KTPOJIMT €NVHHYHOTO KOJHYECTBA 3JJIEKTPUYECTBA.

2°, Bmopotl saron saexmporusg (6mopoii sakon Papades):
3/1EKTPOXUMHYECKHE SKBHBAICHTR] BEIIECTB NIPSIMO IPONOPIHO-
HaJIbHBl OTHOWEHHSAM HX aTOMHHIX (MOJsAPHBIX) Macc A K Ba-
JIEHTHOCTH 11

4
u.

A 1
k=eo=7F
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1 .
Beanunna F:? HaablBaeTcsl yucaom (nocmoanwnod) Pa-

pades.
3°. U3 obwvedunennoco 3akona saekmpoausa DPapades:
=LA wwm m="t2A
T F " “Fa?

cjeayer, 4To noctosnHas Papages YHCJIEHHO PaBHA 3JEKTPH-
YecKOMY 3apajy, KOTOPBHIH HYXKHO NPONYCTUTb YEPe3 3JEeKTpo-
JIUT AJS BBIAETEHHS Ha 2JEKTPOAE Macchl Jo6oro BelecTsa,
paBHOI1 B Kujorpammax orHouwenuto A/n. 3Hauenue yucaa Qa-
pages B CH:
F =9,648.107 Ka/kmob.
4°. M3 o0benrHEHHOTO 3aKOHA 3JICKTPOJNH3A OlNPeje/IseTcs]
o nF

9/MEKTPHYECKHH 3apsAk ¢ J060ro HoHa: ¢ = +yr e n—
Ba/IeHTHOCTb HOHa, I — nocrosuHas ®apages, N, — nocrosu-

Has Asorazpo (11.1.1.5°). 3apsia ogHOBaseHTHOro uona (n==1)
paBeH 10 abCOMIOTHOMY 3HAUEHHMIO 3apALY JIEKTPOHA:

g=e=1,602-10"% Kn=4,803-10"1 eg. CI'CI (VIIL.5.2°).

JII060l 3JIeKTPHYECKUH 3apaj| sIBJASETcA KPaTHBIM dlemenmap-
Homy 3apsady e (111.1.1.3°).

3.3. dneKTpuuecKHH TOK B rasax

1°, Taspl, B OTVINYHE OT METAJJIOB H JIEKTPOJIUTOB, COCTOST
H3 3JeKTPUYeCcKU HEeHTPasNbHBIX aTOMOB M MOJEKYJ H B HOp-
Ma/ibHBIX YCJOBHAX He cojepar cBOOOJHBIX HOCHTeJel TOoKa
(3exTpoHOB M HOHOB). ['a3bl B HOPMAJIbHBEIX YCJAOBHAX sBJIA-
10TCs AUA/IeKTpUKamMu. Hocurean sJeKTpuyecKoro Toka B rasax
MOT'YT BO3HHKHYTDb TOJILKO NPH UOHU3QYUU 23308 — OTPHIBE OT
HX aTOMOB WJIM MOJIEKYJ 3J€KTpoHOB. IIpm sTOM aTOMBL (MO-
JIEKYJIbI) I'a30B NPeBPALIAIOTCA B MOJOXKHTE/bHbIE HOHbL, OTpu-
uaTenbHble HOHBI B I'a3ax MOTYT BO3HHKHYTb, €C/IH aTOMBI (MO-
JIEKYJbl) IIPUCOCAMHAT K cele 3JEKTPOHHL.

DJIeKTPUYECKHHA TOK B ra3ax Ha3bIBAaeTCH 2a308biM pa3padoM.
Juis ocymiecTBeHHs: Ta3oBOro paspsifia K Tpyoxe, rie umeercs
HOHH30BaHHH Tra3 (easopaspalxas mpybxa), HOJKHO ObITh
IPHJIOXKEHO SJEKTPHYECKOE HJIH MArHHTHOE NOJE.

2°, Vonusanusa rasoB MOXeT HPOMCXOAUTb Q[ BJIHSHHEM
BHEWIHHX BO3JEHCTBUH (BHEWHUX UOHU3AMOPOS): CUJBHOFO
HarpepaHusl, YyJbTPAaQHOJNETOBBHIX H PEHTICHOBCKHX H3Jyue-
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uufl (V.3.6.1°), papuoaxkTuBHbIX u3nyyenndt (V1.4.4.1°), npu
GomGapanpoBKe aTOMOB (MOJIEKYJI) Ta30B GhICTPLIMH' 3JI€KTPO-
HaMH HJIH HOHAMH.

Mepoii npouecca HOHM3ALWH SIBISETCS UAMEHCUBHOCIL LO-
HUBGYUL, N3MepAeMast YMCJIOM 11ap NPOTHBONONOXKHO 3aPsKeH-
HbIX YaCTHI, BOSHHKAIONUX B efuHKIE ofbeMma rasa 3a eIuHH-
Ny BpeMeH:.

3°. Jlns nouusanuu atoMa (MOJIEKYJIBI) HEOOXOIHMO COBep-
WKTb pabomy uoHusayuyu A, NPOTUB CHUJ B3AUMOAEHCTBIS MEX-
Jy BHIPHIBAE€MbIM 3/1€KTPOHOM H OCTA/IbHOH 4acTbiO aToMa (MoJe-
Kynsl). BeauunHa A, 3aBHCUT OT XMMHYECKOH NPHUPOAbI rasa
¥ 3HEPreTHYECKOIO COCTOSIHUS 3JEKTPOHA, KOTOPHIM BhLipbIBa-
eTcsl U3 aroma WM Mosekynael. Pafora HOHH3aUMH A, umeer
HanMeHblUEe 3HaUeHKe JJIs BaJEHTHEIX 3/eKTpoHoB (VI1.2.9.2°)
¥ BO3PacTaeT C yBeJHUYEHHeM UHCJIa 3/1€KTPOHOB, BHIPEAHHBIX
K3 aToMa (MOJIEKYJIBl). DTO CBS3aHO C TEM, UTO NOCHAE YaleHns
U3 aTtoMa (MOJIEKYJIBl) OJHOIO 3JEKTPOHA - BO3pAcTaer MHpod-
HOCTb CBSI3H C aTOMOM (MOJIEKYJIOH) OCTasIbHBIX SJIEKTpOHOB
Hanpumep, pa6ota nonusaunuu aroma asora (N) pasHa 14,5 3B,
ero ojHoBaJienTHoro Hora (N+) — 29,5 3B, AByXBaJIeHTHoro
noHa (N++) — 47,4 3B.

4°. Yoapuoi uonusayueli (uornusayuell 3AEKMPOHHbLM WIH
UOHHbIM yOapom) HasbiBaeTcs OTPBIB OT aTQMa (MOJIEKYJIL) rasa
OJHOTO HJM HECKONBbKHX 5JIEKTPOHOB, BBI3BAaHHHI coyaape-
HUEM ¢ aroMaMHu (WM MOJEKYJaMH) rasa 3J1€KTPOHOB WJH
HOHOB, Pa30THAHHBIX SJEKTPHYECKHM IIOJieM B paspsize. ¥ jaap-
Hasi HOHW3aUUsl OJHOATOMHOIO rasa 3JIeKTPOHAMH HJIM HOHAMH
BO3MOXKHA DpPH BLINOJHEHHH YCJIOBHS

mu? m
9 2 An (l + ’M))
. mut
rpe m — Mmacca HOHH3YIOUECH YacCTHlb, —-2-——96 KnHetnye-

ckast sHeprus, A, — paGora HoHM3auuu, M — macca aroma.
Has Toro qToébl ONHOBAJIEHTHHII HMOH DPOM3BET YAAPHYIO
MIOHH3A1HIO, OH JOJIKEH NPOHTH B YCKOPSIOLIEM 3/1€KTPHUECKOM
noJje 66/buIyIO paSHOCTb NOTEHUHATIOB @, Y€M 3JIEKTPOH. 370

m
BHJAHO M3 TOTO, l1T0—2———ecp H “"‘”’ > Tox

5°. TIpoTHBONOMOKHEIM npoueccy HOHM3aLMUH Ta30B sBJd-
€TCSl NPOoLecC PeKoMOUHayuyu — BOCCOSHUHEHNS NPOTHBOIO-
JIOXKHO 3aPsKEHHbIX YacTHL (NOJOXUTEAbHLIX HOHOB M 5JIEKT-
POHOB) B HeliTpasibHble aTOMBI (MOJIEKYJbl). TIpy HEH3MEHHOM BO
BPEMEHH Ji€HCTBUM BHEIMHETO HOHH3ATOPa MEXAY HIPOLECCAMH
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MOHH32UMH ¥ PEKOMOMHALMH YCTaHABJUBAETCS OUHQMUUECKOE
pasHosecue, NPH KOTOPOM YHC/JAO BHOBb OOpasylolMXcs TNap
NPOTHBONOJOKHO 3apsKEHHHIX YacTHI DPaBHO 4YHCIY IIap,
BOCCOEJIMHUBIUINXCS B HEHTpasbHBlE aTOMBI (MOJIEKYJibl).

3.4. HecamocrosatesibHblii razoBuiii paspsj

1°. Hecamocmosmenrvroim 2a308oim pa3padom HasLIBaeTcs
3JIeKTPONPOBOAHOCTh Ta30B, BbI3BaHHAS BHEIUIHHUMH HOHM3a-
topamu (111.3.3.2°). Takoil rasoBblii paspsii xapakTepusyercs
kpuBoil OCA 3aBHCHMOCTH CHJIBI
tToka | or nanpsixkenus U mex-
Ly 3JIEKTPOAAMH, H306DaXeHHOH
a puc. 111.3.1 (soavmamnepnas
XQPAKMePUCMUKA  2a308020 pas-
pada). Ilo mepe yBennuenus U
pacTeT YHCJIO 3apsKeHHBIX yac-
THI{, AOCTHIAIOIIUX 3JIeKTpoaa, H
BO3pacTaeT cuja ToKa [ BIIOTb Puc. 111.3.1
JO Takoro 3Hauenus I=I,, npu
KOTOPOM BCE 3apsiKeHHBIE 4YacTHlibl, obpasyloliecs B ofbeme
rasa B eJHHHIY BPEMeHH, JOCTUraloT 3JeKTpojoB. IIpH 3toM
U=U,.

2°. MakcumanbHas cHJaa Toka [, BO3MOXHas NPH RaHHOH
nHTeHcuBHOCcTH nonusauuu (111.3.3.2°), naseiBaetcs: moxom
Hacouyenus: 1,=eN,, rie e — abCoNOTHOE 3HAYEHUE 3/1EMEH-
tapHoro 3apsaa (111.1.1.3°), N, — MakcuMmasbHOe YMCIO Map
OLHOBaJIEHTHHIX HOHOB, 00pasoBaBLIMXCS B oObeMe rasa 3a
1 cexkynny. Kpytoe Bospacranue Toka Ha yuactke AB Kkpupoi
Ha puc. 111.3.1 cBsisaHO ¢ BO3HMKHOBEHHEM yJAapHOH HOHH3a-
unn (111.3.3.4°).

3.5. CamocToaTeanHulil Fa3oBbill paspsy

1°. TasoBwiit paspaa (111.3.3.1°), xotopriii npojomkaercs
nocsie TOro, Kak npekpallaercd AefcTBHE BHCIIHETO HOHU3a-
Topa (111.3.3.2°), HaskiBaeTCS CAMOCMOAMENbHOIM 2A3066LM PO3-
padom. OH MOAKEpPKUBAETCS U Pa3BHBAETCA 3a CYET HOHOB U
3JCKTPOHOB, BO3HHMKIUKX, IVIaBHBIM 00pasoM, B pesyJbTare
yAapuoH uonusauuy (111.3.3.4°).

HecamocronTenbHEIl ra3oBplfl paspaj NEpexXoiuT B caMo-
CTOsTe/IbHBIA NpH Hanpsxernu U, (puc. 111.3.1) mexay saekt-
poRamyu, HasnIBaeMOM HanpaxceHuesm 3saxcuesanus. [lponece
TaKoro Iepexoja Ha3blBaeTCs aAekmpudeckum npoboem 2asa.
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[ToMuMO HOHH3ALUHH aTOMOB (MOJIEKYJ) YAAPAMH 3JEKTDPO-
HOB B o0beMme rasa (00BemHas UOHU3aYUA), 3IEKTPOHBL BbIOH-
BAIOTCSl M3 Katoja NpH OoMGapAupOBKe ero moJOXKATEeNbHEIMH
uotamu (nosepxHocmuaa uonusayus). (O Bpyrux mpoueccax
BHIPLIBAHHSI 3/JEKTPOHOB M3 KaToAa CM. TEPMOIIEKTPOHHAS
suvncens (111.3.7.3%), dorosnekrponnas smuccua (111.3.7.2°).)

2°. B 3aBUCUMOCTH OT JiaBJIeHHSl Ta3a H NPUJICKEHHOIO K
9/EKTPOAAM HANPSIKEHUs PasnuyaloTest HEeCKOJABKO THHOB

I W CaMOCTOSITENILHOIO paspsijia B

rasax. I'lpy HU3KUX faBJieHHAX
iy e e Y | p p AdB ’
e OOLIUHO OT COTBIX NoseH K0 Hee
1 1
1
gt
i

| KoabKuX MM pT. cr. (VIL.3.2°),
HaGJoaaeTcs maeoyuli paspado.
B Hem BbljessoTcest 4erbipe
obmactu: [ — kamodHoe memnoe
0 ; npocmpancmgo, I — ompu-
A N A yameabroe (maewuyee)  ceeve-
I nue, 111 — apadeego memuoe
Puc. [11.3.2 nPOCMPARHCMEo, 1V — noao-
dcumenvHbll  cmoab  paspada
(puc. 111.3.2). O6nactu I — 111 coctaBasiioT Kamodnyio 4acme
paspada. Bosne Katoaa, Ha rpasune obaacredt [ — I/, ume-
eTcA 6o/blias KOHUSHTPALUS TI0JIOKUTEbHBIX HOHOB U, BCJeA-
CTBHE 3TOrO, Pe3KO MajaeT MoTeHuuasn B paspsne. B obaacru [/
YCKOpEeHHBIE 3JIEKTPOHBL ABJAIOTCA HMCTOUHHKAMU y/apHOH
uoHH3aluuu. Tuaewouiee cBevedue B 9TOH 06/ACTH BBI3LIBAETCA
pexomGunanyedt (I111.3.3.5°) 37eKTPOHOB H MOJIOKHUTENBHBIX
HOHOB B HeHTpa/bHEE aToMbl (MoJeKyJnl). B obnactu IV ume-
eTcsl MOCTOsIHHAst M Oosbllast KOHUEHTPALHA HOJOKHATENbHBIX
HOHOB ¥ 3/eKTPOHOB, OOyCJOBJeHHasi yjapHo# wuoHU3aNueH
aToMOB (MOJIeKYJ1) Ta3a s/jexkTpoHamy. [ToSOKHTEILHBIH CTOG
ABjsierca  rasopaspajuoii miasmoit (111.3.6.1°). Ceuenue
TOJIOZKUTE/IBHOrO CTO6a OInpejlessieTcsl H3/JAYYEHHEM BO3BYXK-
JICHHBIX aToMoB (Mosiekya) raza (V.3.3.2°) u nostoMy umeer
XapaKTepHble IiBeTa. ITHM ONpefesnseTcs HCNO,/1b30BaHue T.1eH0-
Wero paspsjiia B Ta3oCBETHRIX TPYOKax, rasoBhIX Jasepax
(VI.2.10.1°).
3°. Tlpu HOpMaJbHOM JaBJeHHH B rase, HaXOAALIEMCS B
CHJILHO HEOZHOPOAHOM 3/EKTPHUECKOM Hose (0KOJO OCTpHEB,
[POBOJOB JIMHHH BBICOKOrO HaNpsKeHdus M, T, I.), Habmoja-
€TCH KOPOHHOLL camocmoamenvnoill easosoill pazpad. Nonusanus
rasa 3/E€KTPOHHLIM YJAapoM H €ro cBedeHue, HalOMHHAloI(ee
KOPOHY, NIPOHCXOJAT TOJABKO B He60.1bLI0/ 06.1aCTH, IIPUJIeraio-
WeH K 3JeKTpony (koporupyrouuil ssekmpod), Ceersmuiics

-
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cnoH Ha3LIBAETC KOPOHUpyrouium caoexm. ECHH KODOHHpYeT
KaToA, TO 3JEKTPOHbI, KOTOPLIE BLI3RIBAIOT HOHH3AIHIO B 00be-
Me KOPOHHPYVIOILEro CJOs1, BHIGHBAIOTCS H3 KaTojga NOJONKH-
TeILHBIMH HOHamu. EciH KOPDOHHDYeT aHOA, TO 3JIEKTPOHEL
BO3HHKAIOT BOJM3M aHOAa Onarolaps HOHU3ALMH rasa nei
JefiCTBUEM H3NyueHHs1 KopoHupylowero cios. [Ipn noBbiiueH-
HOM HanpsKeHUH KOPOHHEIA paspsil Ha OCTPHE HMEET BHJA
CBETALEACA KHCTH — CHCTEMBI TOHKHX CBeTAUIMXCH JUHHH,
KOTOpble BBLIXOAAT U3 OCTPHS, HMeIOT H3THOLI H H3JIOMBI, H3ME-
HSIIOLIMECsST C TeueHHeM BpeMeHH (Kucmesol paspad).

4°, Hcexposod pazpad, HabMOAAOIWUHACA OPH HOPMAaJbHOM
JaBjeHHH U GoAblUOH HANPSKEHHOCTH NOJS MEXAy 3JeKTpo-
Jamp, uMeeT BHJ NpPEPBIBHCTBIX SIPKHX 3Mr3aroo6pasHulX HH-
Tell — KaHa/J0B HOHH30BaHHoro raza, Hute npounssiBaior
NPOCTPAHCTBO MEXKJY 3JEKTPOJaMH H HCUe3aloT, CMeHAsCh
HoebIMH, [lpu 3TOM HabmwojaeTcs spKoe CBeyeHHe rasa M Bhl-
aejsercst 6oJbILIOE KOJHYECTBO TEIJIOTH. B HCKPOBEIX KaHasax,
rlie CO3/a10TCA BLICOKOE JaBJieHHe H BecbMa BLICOKHE Temnepa-
TYpbl, BOSHHUKAIOT 3ACKMPONHLIE H UOHHbIE AQBUHGI, KOTOPBIMH
onpelesIATCs BCE CBOHCTBA MCKpoBoro paspaina. Ero npume-
poM ABafercs MoJHHA. I'JIaBHBIH KaHan MOJMHHH HMEET KHa-
merp ot 10 no 25 cm. Moanusi uMeer JIHHY JI0 HECKOJBKHX
KHJIOMETPOB, H B Hell PasBUBaeTcA CHJA TOKa B HMMYJbCE L0
coTey TBICAY ammep.

5°. Hyeosoi paspad asasiercs gopmoit paspsixa npu 60Jb-
1IOH NIOTHOCTH TOKA M CPaBHUTEJNBHO HeGONBIIOM HANpKEHNH
MeXAYy 3/eKTPoJaMu, NOpsjKa HEeCKOJbKHX JEeCSTKOB BOJIBT.
OcHOBHOH NpUYHHON AYroBOro paspsiia ABASETCS HHTEHCHBHAS
TepMoasiekTponnasn smuccus (111.3.7.3°) packanennoro karozna.
DJIeKTPOHE! YCKOPSAIOTCS 3JEKTPHUECKHUM T10JIEM H NPOH3BOLAT
VAAPHYIO HOHM3ALMIO MOJIEKYJ ra3a, YMEHLINAeTcst JeKTpu-
4eCKoe CONPOTHBIEHHE Ta30BOro NPOMEXKYTKd, W €ro MnpoBo-
JUMOCTh CHJ/IBHO BO3pacTaerT. Mekay 3/1eKTpofaMH BO3HHKAET
cTon6 ApKO cBeTaAwmierocs rasa (saexmpuxeckan Oyea). Tlpu
artmocdepHOM JaBJeHAU TemiepaTypa Karofa pocruraer 3000 °C.
BomGapnpoBka aHofa 3/ieKTpOHAMH CO3JAeT B HeM yrayGae-
HHe — Kpamep Oyew ¢ Temmeparypoit okoso 4000 °C npu ar-
MocdepHOoM AaBieHud. Temmeparypa rasa B KaHajie 3J€KTpH-
geckoR ayra 5000—6000 °C. HdyroBo# paspsaj Kak MOLIHBLI
HCTOUHHK CBE€Ta HCNOJb3YeTCs B NPOKEKTOPaX, NPOEKIHOHHOM
M KuHOamnaparype.
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3.6. Nouarue o naasme

1°. I1ra3moil HasblBaercsi ocofoe arperatHoe COCTOSIHHE
BelLIeCTBA, XapaKTepHU3YIoLieecsl BHICOKOH CTENEHbI0 HOHH3AlUUK
ero 4actuil, Cmenenoio uoHu3ayulu o BELleCTBA HAa3bIBaeTCs
OTHOIGHHE KOHLUEHTPALHH 3apsiKeHHbIX 4acTHI K OOLied KoH-
HeHTpAUMH HaCTHH. B 3aBHCHMOCTH OT CTENEHH HOHH3aUHH
m1azMa Mojpasfensiercsl Ha c2a00 UOHUS0BAHHY (0 — JOMH
OPOLEHTA), YACHIULHO UOHU30BARHYI0 (0 ~ HECKOJNDbKO NpOLEH-
TOB) U noaxocmoto uonusosanryo (o 6auska k 100%). CnaGo
HOHM30BAHHOA NJIa3MOH B NPUPOJHBIX YCJIOBHSX SIBJISIOTCSA
BepxHHe caou armocdepsl — uonochepa. CoaHue, ropsuue
38€3/6l U HEKOTODBIE MEXK3Be3JHble 06/1aKa fABJSIOTCS [pHMe-
paMy NOJHOCTBIO HOHH30BAHOH 111a3Mbl, KOTopas ofpasyercs
Npu  OYeHb BBICOKOM TeMmepartype (8bicoKomemnepamypHas
naasma) (cM. Takxe tepMosisepHbie peakuun (VI.4.15.1%)).

MckyceTBeHHO CcO3JaHHOH I/1a3sMOH  PA3/MYHOH  CTENEHH
HOUK3AIMY ABJSIETCA MJ1a3Ma B ra30BbIX pa3psiiax, rasopaspsii-
HBIX JlaMIax.

2°. BbicoKasi 3/1eKTPONPOBOAHOCTL MJa3Mbl NPUB/IHNKAET ee
CBOHCTBA K CBOfICTBAM MPOBOAHHKOB., MeTa/id4yecKue MpoBOj-
HAKH SIBJSIOTCS APHMEPOM IOJHOCTbIO MOHU3OBAHHOH [/1a3-
Mbl — B MeTa/JaXx HeT HEHTpPabHbIX AaTOMOB M MOJEKY.I.
DNeKTPONPOBOLHOCTL U TENJIONPOBOAHOCTb IOJIHOCTHI) HOHH-
30BAHHON MJ1a3Mbl 3aBUCST OT TEMIIEPATYpHl IO 3aKOHAM, COOT-
serctBedno, ~T¥% 4 ~T%2,

YnpasneHue IBHKEHHEM I[J1a3Mbl B 3JIKTPHYECKUX M Mar-
HUTHBIX [OJIAX SABJAETCS OCHOBOH KCIIOJ/B30BAHUS I143Mbl KaK
paGouero Tesa (11.4.5.6°) B pasauuubix ABHraTensix s ps-
Moro npespatienns BHyTpenueil sHeprun (11.4.1.2°) B anekr-
PHYECKYIO (NAABMEHHBIE UCMIOUHUKY IJAEKMPUHCCKOL sHepeu,
maenumoaudpodunamuseckue (MIIN) zenepamopet).

3°. OcoGeHHOCTAMHM MJ/1a3Mbl, NO3BOJIAIOUMMH CYUHTATL ee
0COOBIM arperaTHelM COCTOSIHHEM BEIIeCTBa, SIBJAAIOTCA: CHJL-
HOe B3aHMOJEICTBHe C BHEHIHUMH 3JEKTPHUECKMMH W MAarHur-
HbIMU TI0J1AMH ,, 06y C/IOB/IEHHOE BbICOKOI 3/MEKTPONPOBOLHOCTHIO
n/1a3MBl, 0c000€ KOJJIEKTHBHOE B3auMOJEHCTBHE YACTHI[ MJ1a3-
MBIl ¥), HaJ44#e YHPYTHX CBOHCTB, NPHUBOMSIIHX K BO3MOXK-
HOCTH BO36YXJAEHHs! U PAacRpPOCTPAHEHHS B IL1a3M€ Pa3/HYHbBIX
KomneBaHui,

*) 3To BaammoieficTBHE HMEET CJOKHYIO NPHPOAY, PACCMOTpeHHe
KOTOPOH BLIXOJHT 38 pPaMKu 3JeMCHTaPHONR QHSHKH.
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3.7. JneKTPMUECKHH TOK B BakyyMme.
IMUCCHOHHBIE SIBJEHMA

1°. Bakyymom HasbiBaeTcsi Takasi CTelleHb paspekeHus
rasa, NpH KOTOPOit MOXKHO NpeHeOPEraTh COyAaPEHUAMI MEXKAY
€ro MOJIeKYJIaMH U CYHTaTb, YTO CPeAHAs [JIHHA CBOOOAHOro

npo6era { (11.2.3.1°) npesbiiaeT JuHelRbie pasMepsl d cocyaa,

B KOTOpPOM Tras Haxoautcs (I>d). IIpoBcaMMOCTE Me3JeKT-
POIHOTO TNpPOMEXYTKA B COCTOSHME BaKyyMa HasnlBaercs
JACKMPUHECKUM MOKoM 8 saKkyyme. Mojlekya rasa npyu 3Tom
CTOJL MaJo, YTO [IPOLECCH UX UOHM32LMH He MOryT o0eciedHTh
TAKOro YHC/Aa SJEKTPOHOB H INOJOMHTENbHBIX HOHOB, KOTOpOE
HeOOGXOAUMO JIsl 3JEKTPONpPOBOAHOCTH. [IpOBOZMMOCTL Mex-
3JIeKTPOLHOrO NIPOMEXYTKA B BaKyyMe MOMKET GhiTh obecneye-
Ha JHUIUb C [IOMOLIBIO 34PSKEHHBIX YacTHl, BOSHUKILMX 33
CYeT SMHCCHOHHBIX #BJIEHMH Ha 3JeKTpojax.

2°. SlBnenue PomosreKmpoHHOU 3dmuccui *)}  CCCTOHUT B
BLIDBIBAHHU NOJ ACHCTBHEM CBETA 3JE€KTPOHOB C NOBEDXHOCTH
Teq (HanpuMep, METaJJIOB), NOMEIEHHBIX B BAKYYMe MJH rase.
JTo aABJeHne HabJIOJAeTCs ¥ HCMOJbL3YETCs B CHEUHAaNbHO H3-
roTOBJCHHBIX homoxkamodax, 06aaJAMMX BHICOKOH 4yBCTBH-
TeABHOCTBIO. Yyscmgumeavrocme omokamoda Onpejpesercs
OTHOLICHHEM YHCJa 3JIEKTPOHOB, BHIJETEBIIHX H3 (POTOKATOAQ,
K UHCJTY TOTJIOLIEHHBIX HM KBaHTOB cBeTa ((POTOHOB) (CM. TaKkKe
poroappert (V.5.2.1°) u ¢oron (V.5.1.2°).

3°. Tepmosrekmpornot smuccuesl Ha3LBaeTCs HCOyCKaHue
37€KTPOHOB TBEPJBIMH HJH XKUJIKWUMHU TeJaMH IPH HX Harpe-
Banuu. [as 3/1eKTpHUECKOrO TOKa B BaKyyMHPOBaHHOH raso-
paspsiAHOi TpyGKe HMeeT 3HaueHHE TEPMO3JIEKTPORHAS IMUCCH s
H3 HArperoro Karoja. DAEKTPOHBI, HCIYCKaeMble HAIPETHIM
TENIOM, HAa3blBAKTCH MEPMOIACKIMPOHAMU, & CaMO TeNo —
IMUMMEDOM.

B pesysbTare TepM02/eKTPOHHON 3MHCCHH MOXeT BO3HHK-
HyTb mepmosrexmponnoiti mox (111.3.8.1°). Ilas Bbliera siekT-
pona u3 MeTanja HeoOXOJ¥MMO, YTOOBl KMHETHYeCKas JHEprus
3/1eKTPOHa 6blla JOCTAaTOYHOI [/is IPEOAQJIEHN I €ro CBH3H C Me-
TaJJIOM — [Js1 coBepLueHust padome: sbixoda A H3 meranna,
Ilpn xomHaTHON Temnepatype JHIIb HEMHOTHE 3JEKTPOHHI 0O-
JIAAalT HeOOXOAMMON KHHETHYECKOH SHepruell u TepMO3NeKT-
pOHHAs 3MUCCH# HEBeJMKa. flBJeHHe TEPMOIEKTPOHIOH AMHC-
CHM MHTEHCHBHO [POMCXOAMT NPM HarpeBaHH; SMHTTEpa JO

*) Or JaTUHCKOIO «emission — HCDYCKanHe, K3Jyucuie.
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BBICOKOI TeMIepaTypbl, COOTBETCTBYIOUIEH BHIMMOMY CBede-
HHIO PACKAaJICHHOTO MeTansa.

4°, TIpu 6omOGap/iUpPOBKe MOBEPXHOCTH MeTassia B BaKyyMme
3/7EKTPOHAMH, KOTOPbIe YCKOPAIOTCA 3JEKTPHUECKUM IM0J/eM,
HaO/I0JAeTCsl BCTPEUHBI MOTOK 3JEKTPOHOB OT MNOBEPXHOCTH.
10 ABJeHHE HA3LIBACTCA BMOPUUHOL IAEKMPOHHOU smuccuel.
BropuuHbIi 3/7eKTPOHHBII MOTOK COCTOMT H3 3/EKTPOHOB,
OTPaXKEHHBIX MOBEPXHOCTBIO, 4 TAKKE H3 3JEeKTPOHOB, BhIP-
BaHHBIX M3 MeTaana, HauGosbllas 3IMHCCHAI  BTOPHYHBLX
37CKTPOHOB [IPOUCXOAUT TPH IHEPrHAX MepPBHYHBIX 3JeK-
TPOHOB B HECKOJbKO coreH 3B. JlnA HeKOTOPbIX YHCTBIX
METa//IHYeCKHX ToBepXHocTedl (PTyTh, IJIATHHA) YHCIO Ny
BTOPHUUHBIX 3JeKTPoHOB B 1,75—1,78 pasa npeBbilaer qHC/IO

n
n; TNepBHYHBIX 3JeKTpoHOB. OTHolUEeHHe f:é HA3BIBAETCH

1

Koappuyuenmom emopudrol smuccuu. Bennununa 8 y ausnekr-
PHKOB U NOJYNPOBOAHUKOB GoJIblle, 4eM Y MeTalIoB. SABienue
BTOPHUHOH 3JIEeKTPOHHOH 3MHC-
CHHU TNPHMEHACTCH B 34€KMpPOH-
HOIX  YMHONCUMEARX, KOTODble
i > CAYyXKaT [ MHOTOKDATHOrO
w1 1A yCH/IeHHA C/1a0hlX TOKOB (pHC.
I11.3.3). DuexrTpoHsl, KOTOpHIE
Puc. 111.3.3 BLIPHIBAIOTCA M3 Kartoda K nox
IeiicTBUeM cBeTa, IIOCJAeA0Ba-
TeNbHO MOCTyNalT Ha 3MuTTepnl KS,, KS,, ..., KS,. Ha
KaMK/OM H3 HHX NPOUCXOAUT AB/JIeHHE BTOPUUHON 3JeKTPOHHOM
sMuccHU, Ecay yMHOXHTEIbL UMEET n SMUTTEPOB MU N Kac-
KaJ0B, TO Ha MOC/eLHeM 3jeKTpore — aHope A (Koarexmopez)

noJsyYaercs HOCTATOYHO CHJBHBIN NOTOK 3/EKTPOHOB.

3.8. JlByxajiekTpoaHas Jgamiia — KHOJ,

1°. DuekmponnbiMu  Aamnamy  Has3hIBAIOTCS  YCTPOCTBA,
OCHOBAHHbE Ha MPHMEHEHHH SBJECHHA TEPMO3/IEKTPOHHOMN
smucenu (111.3.7.3°). Tlpocreiiiuum THIOM 3/EKTPOHHBIX JaMIl
ABAAETCS JABYX3JEKTPOAHAS JaMna — O0uod Apamoe0 HAKAAQ,
KOTOPBLII M300paxaercst cxeMaTHUecKd, KaK I0Ka3aHo Ha
puc. 111.3.4. Ec/iu anoi saMnbl NPUCOSAMHHTD K MOJOMKHUTEIb-
HOMY [IOJIIOCY HMCTOYHHKA NOCTOAHHOTO TOKAa, a KaToJ — K
OTPHLATE/ILHOMY, TO B LIENHU JaMIbl YCTAHABAMBAETCA HOCTOSiH-
HBIl TCPMO3JMEKTPOHHBIA TOK [ 4.

Ipu nocroauHoil TeMnepaType Katola Cujia TePMOIIEKTPOH-
HOrO TOKa B JAHO/E NPSMOro HaKa/aa 3aBUCHT OT AHOOH020 HUNpSi-
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sceHus  JMona — HanpsiKeHuss Uy, NpHIOKEHHOTO MEXKAY

aHOAOM H KAaTOJOM (6046MAMREPHASL XAPAKMEPUCIIUKA), Pa3-
MepOB H B3AHMHOTO PACIOJIOKEHNUS! 5]EKTPOJOR, paGoThl BEIX01a

A

i
Puc. 111.3.4 Puc. 111.3.5

371eKTpoHOB U3 Karoza (111.3.7.3°) u ero temneparyprr. Boabt-
aMriepHas XapaKTepHCTHKA TaKoro AMoja MpH NOCTOSIHHOA
TeMIlepaType Katozaa usobpaxena Ha pue. 111.3.5. Henuneiinnif
BHJl XapPaKTeDPUCTHKH YKas3blBAeT, 4YTO B JHOJE

He prmosnserca 3akoH Oma (I111.2.4.2°), A

2°, Tlpu HeGOJBIIMX aHOAHBIX HANPSKEHUAX

npu yBeandennu U, cuna toka I, pacrer meg-

JIeHHO. DTO CBA3aHO C TeM, YTO NPH MaJbIX 3Ha-

yenusax U, He Bce 3/IeKTPOHBI, HCIYCKAeMBIE

KaTolOM, JOCTHraloT aHoja.dacTb 37eKTpoHOB  4|| 4
ofpasyeT MeXAy KaTOJOM U AHOIOM JAeKMpOH-

Hoe 064aK0 — TIPOCTPAHCTBEHHBLIA OTpuuaresb-  Puc. 111.3.6
Hblil 3apsj, KOTOPHH MNPENATCTBYET JBUKEHHIO

K aHOjly 3JeKTPOHOB, BHOBb Bhuleraiomux u3 Karona. C yse-
JguyenneM HanpsixeHnuss U, 3nexkTposHoe 06/aKo [ocTe-
NEHHO paccackiBaercsi, ¥ cuja Toka [ 4 pacrer. [lpu U, =U,
cuna [, TEPMO3JIEKTPOHHOTO TOKAa JOCTHraeT MAaKCHMaJbHO
BOSMOXKHOIO 3Ha4eHUs! NpU JAAHHOH TeMIeparype Karoia. 310
snauenue /,=] HasbiBaerca moxkom wacviyenus. Ecim N —
ofllee YHCJIO 3/1IeKTPOHOB, HCNYCKAeMBIX KaToJAOM NpH JaHHOH
TeMneparype 3a efuHHIY BpeMenH, To [,=Ne, rae e — abco-
JIoTHAas BeJuuuHa sapsija ajnexktpoa (cp. 111.3.4.2°).

JlHoj mpsMoOro Hakana MMeeT CYIIeCTBeHHBIH HEJOCTATOK:
€C/IM KaToJ, Harpepaercs [IepeMEHHEIM TOKOM, TO €ro TeMilepa-
Typa NEPHOJHYECKH M3MEHsIeTCs, H 3TO BHISBIBAET KoJleOaHHs
TOKa B lleNH JaMibl. B duole ¢ nodoepesrowm Kamodom, cxema-
THuecku usobpaxensom Ha puc. I11.3.6, stor menocratok
VCTPaHsAEeTCs TeM, YTO BHYTPH KaTo/a NOMELIAETCs H30JHPOBaH-
HEHi OT HEro MCTOYHHK HATpeBaHusA Karoja (Hanpumep, Bojibd-
paMmoBasi HHTb HaKaJja).
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3°. Iuoael o6aafawoT odHocmoponneld (yrunoanapuol) npo-
80dumocmsio: TOK B JlaMile BO3MOXKEH TOJMLKO B TOM cJjydae,
ecJ/1H TIOTEHLMAJ aHOJA BBIILE IOTEHLMANA KaToja, T. e. Hanpd-
xeune U , > 0. Ecau nogate Ha aHOJ OTPHUATENbHBIR OTHOCH-
TENLHO KaToAa IOTEeHIHAN, T. e, Co34aTh JAEKTPHYECKOe MoJne,
KoTopoe GYJeT OTTa/dKHBATh /JEKTPOHBI OT aHOAa, TO Jiamia
Gyjer 3anepra — aHO0H020 MOKA, T. €. TOKA B LelH JaMIlbl, He
6yaer. Dto CBOACTBO AHOJOB MO3BOJIAET NPHUMEHATb HX  Jyid
BRIIpAM/IeHHs nepemenHoro Toka (1V.2.2.3°). Bakyymuas asyx-
3JEKTPOJHAsL 3/JAEKTPOHHAA JaMna, KoTopas CIYXHT IJs Bbl-
nNpAMJIeHUsl NepPeMEeHHOro TOKa, HA3bIBACTCA KEHOMLPOHOM.

3.9. TpexaieKTpoAHas JaMna — TPHOA

1°. Jlas yupasJ/eHHsl TEPMOIJIEKTPOHHBIM TOKOM B JamIle
NPUMEHSIIOTCS MHOr'03JIEKTPOAHbIe (TpeX- u Gosee) JaMiibl —
mpuodet, mempodst, newmoOei. B TpHOie MexAy aHOAOM H
KaTo0M HOMeILEH TPETHIt 3/JIeKTPoS — ynpasasoujasn cemka C,
CKBO3b KOTOPYIO NPOXOJAT 3JIEKTPOHBI, JIETALIYEe OT Karoja K

A A
r 4
' -
Vi Mo
a /]
Puc. 111.3.7 Puc. I11.3.8

anozy. Cxemaryuyeckne o0O3HAUYEHHsI TPHCJA NPAMOro HaKala
(@) 1 Tpuosa ¢ nogorpesHeM KatogoM (6) (I11.3.8.2°) ykasaupt
Ha puc. I11.3.7. ¥Ynpasasiowas cerka pacrosaraercs B6IU3H
KaToia, TaK uTo, JAaxe Npu MauoM Hanpsixennn Ug mexny
CETKOH M KATOAOM (cemounoe Hanpascenue), BOIU3M KaToia
CO3/3€TCsl CHJIbHOE JIEKTPHYECKOe MOJe, KOTOPOE CYIUIeCTBEH-
HO BJIMSIET Ha JBUKEHHME IJEKTPOHOB B TPHOJE.

2°. 3aBuCHUMOCTb aHOJHOro ToKa [, OT Hampskenus U,
NpyU OAHOM M TOM K€ HaKaJ/ie JIaM[bl U MOCTOSTHHOM HampsiKe-
#Hud U,y MexAy aHOZOM M KaToJoM (aHOLHOE HaNpsKeHHe)
HAa3bIBACTCA CHIAMUMECKOL CeMOYHOL XApAKmepUCuKoL Aamnst
(puc. I11.3.8). Bux ceTounsix xapakTepucTHK OGBACHAETCA TeM,
YTO B TPHOAC HPOUCXOAUT HaJIOKEHHE HECKOJIbKHUX 3/EKTpH-
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yeckux nosed. Eciu noreHuman ceTku Bbllue NoteHuHana Ka-
TOja, T. €. ceTouHoe Hanpsukenne Uq noaoxurensho (U >0),
TO 3JIEKTPUUYECKOEe foJie, COo3[aBaeMoe CeTKoH BOJIH3H KaToja,
COBMajaeT NO HAMpaBJEHWIO C IJAEKTPHYECKHM MOJieM, Cylle-
CTBYIOIMM MEX/Y AHOZOM H KATOAOM. DJeKTPOHBI, BBLIETA:-
I{e U3 PAcKa/IeHHOro KAToja, IPU 3TOM ABHKYTCS K aHOAY €O
ckopocTsiMH  Gosbiuumu, yeM npu U,=0. Uhcso anekrpouos,
[IONAJAIOMIUX HA aHOJ 32 eUHHIY BPeMeHH, a CJeAOBaTeJ]bHO,
H aHOAHBIH TOK B TPHOJE BO3PACTalOT NpH yBeauueHuy U.
Ecan ke, Haobopor, U, <0, TO 3/eKTpHUECKOe NOJE CETKH
ocJabrisier 3JEKTPHUECKOE M0Jie MEXKAY AHOJAOM H KaToAOM H
CKOPOCTH JABHKEHHMA 3JIEKTPOHOB M AHOAHBIH TOK yMeHblla-
oTes.

3°. OrpuuartesbHOe CETOYHOE HANPsiKEHHE, [IPH KOTOPOM
AHOJHBI TOK MOJHOCTBID NPEKPAIAeTCs, HA3BIBACTCA HAnpsi-
acenuem sanuparus. OHO BospacTaeT no abCOMIOTHOMY 3Haye-
HUIO C POCTOM aHOAHOro HanpsikeHus, Takum obpasom, usme-
Hssl ceTouHoe HanpspkeHue U, MOXHO yNpaBJsitb TOKOM B
namne, TTostomy cetrka C HaspiBaercs ynpasastouteit (. 1°).
Tpuon ncnodb3yercs B pajMOTEXHHUYECKHX YCTpoHcTBAaX AMs

YCUJ/IEHHU A CJIa6bIX HepeMeHHle TOKOB B JlaMII0BOM reHeparope
(1V.2.9.1°).

3.10. JueKTpoHHbIE NMy4KH. JIEKTPOHHO-JIyYeBas
TpySKa

. Daekmpornbie nyuku (3AeKMPOHNbIE, KAMOOHLIE Ay4iL)
npeicTap/asior co00H NOTOK OBICTPO JIETALIUX 3SJAEKTPOHOB.
DUIeKTpOHHBIE NYYKH 00pa3yloTcs B 3JCKTPOHMHOH Jamiie
(111.3.8.1°) 1 pas/aHUHBIX rasopaspsAHbIX YCTPONCTBAX.

2°, CBOfiCTBA 3JIEKTPOHHBIX IYYKOB:

1) OHH BBLI3BIBAIOT CBEYEHHE HEKOTOPLIX TBEP/BIX H IKH /-
kKux tea (cm. Jomutecuenuus (V.3.3.1°%),

2) Topmomxenue GbICTPLIX 3/EKTPOHHBIX [TYYKOB B BELECTBE
OPUBOJAMT K BO3HHKHOBEHHIO DEHTIEHOBCKOTO H3J/y4YeHHs
(V.3.6.1°%).

3) DneKTPOHHbBIE MNYYKH OTKJOHAITCA B 3/JEKTPHUECKHX
noasix. Hanpumep, nposeras mexiy oOK/IaixaMH 3apsiKeH-
Horo nJaockoro kosjencaropa (111.1.11.2°), saekrpontsie nyy-
KH OTKJOHSIOTCA K MOJOXKUTEIbHO 3apsi:KeHHOH o0KJajKe.

4) D/eKTpOHHBIE NYYKH OTKJOHSIIOTCA B MArHUTHOM [10Je
non neficrsueM cusbl Jlopernua (111.4.5.1°).

5) DaexTpoHHBIC NYYKH, NaJdoliue Ha BeecTsa, Harpe-
8aiCT UX H OKAa3biBAOT HAa HHUX MEXaHHYCCKOEe BO3/CHCTBHE,
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3°. Saexmponno-ayiesoil mpybKoll HasEBaeTcss YCTPONCTEO,
OCHOBAHHOE Ha  fABJEHHH  TEPMOJIEKTPOHHOH  3MHCCHH
(111.3.7.3°) ¢ noporpesHoro kartopa (111.3.8.2°). Ynpassenne
37I€KTPOHHBIM [IYYKOM B 3JEKTPOHHO-1y4eBoll Tpy6Ke ocyle-
CTBJISIETCS C TIOMOUIbIO 3JIEKTPHYECKHUX H MATHUTHHIX nNoJjed.
Cxema ycTpOHCTBA 3/IEKTPOHHO-TYYeBOf TpyGKM OpHBEJEHa Ha
puc, 1I1.3.9. DnekTpoHb, HchycKaemble NMOJOTPEBHLIM KAaTO-
JioM, NPOXOAAT CKBO3b YIPaBJSIOMYIO ceTKy (nepBwlil ynpas-
Asowuld srekxmpod) M ABa YCKopAWIMX aHoia. Best aTa cucre-
Ma, Ha3blBaeMas 3JAEKMpPOHHOU NYWKoW, CIYKHAT Ads TOro,

Bepmunaneno

DIMHAOHRIOLYUE
A50Cmunsl

Anodot Topuzormansng

LIHABHAOLLE
DRAELHS

Puc. 111.3.9

yToGbl Ha 3KpaHe TPYOKH, MOKPHITOM JIIOMHHECIMPYIOHM
pentectsoM (V.3.3.2°), NOYYHTE NYUOK 9/1€KTPOHOB € BO3MOMKHO
MEHBLUUM TONEPeuHbIM CeYeHHeM ((POKYcuposKa 3eKmporHoeo
nyuxa). Jna QOKyCHPOBKHM 3JIeKTPOHHOIO My4Ka Ha ynpas-
JAOWME 3eKTPOA NOJAeTCsl OTPULATENbLHHIN NoTeHuuan (or
—20 1o —70 B). ITose 31010 371€KTPOAA CKUMAET 3JEKTPOHHBIN
y4oK, BHIXOAAWMME H3 Kartoja. Ha yckopsiouue anoirl noja-
10TCS TOJIOXKHTENbHbIE TOTEHIHa/bl, COOTBETCTBEHHO OT -+250
no +500 B na nmepsniit 1 or 1000 go 2000 B na Bropoii.
B TeneBusnoHHnix Tpy6Kax (IV.4.5.5°) norennmans  eme
Brime, VisMeHeHHeM NOTeBLMAJOB yIpaBJsioulell CeTKH H aHo-
JIOB JOCTHTAETCs H3MEHEHHE (DOKYCHPOBKH H PKOCTH CBEUEHHUSI
2JE€KTPOHHOTO Ny4yKa Ha 3KpaHe,

4°, Tlocsie 3/7eKTPOHHOH NYIIKH CPOKYCHPOBAHHBIA 3J€EKT-
POHHHIH NYYOK NPOXOAUT CHCTEMY BEPTHKaJbHO M TOPH30H-
TaJbHO OTKJOHSIOUIMX 3J1EKTPOJIOB (ynpasisioujue RAQCTUHbL),
Ha KOTOpblE NoJaeTcsl nepemenHoe Hanpsikenve. KoaeGanus
HOTeHUMaNa Ha NJACTHHAaX BbI3LIBAIOT BEPTUKAJNBHBIE H TOpH-
30HTaJIblbie KOJIeGaHHus 3/JIEKTPOHHOrO NMyYKa Ha 3KpaHe TpyO-
k1. OZHOBpEMEHHOe HCIO/Ib30BaHHE BePTHKA/IBHBIX U TOPH30H=
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TaJbHbEIX YOPABJISIOWMX TAACTHH II03BOJISIET TNepemeliaThb
3JEKTPOHUBIA IYYOK Ha 3KpaHe B NPOM3BOJLHOM HanpasJe-
HUH. Masas Macca 3JeKTPOHOB B 3JIEKTPOHHOM Nyyke obecrie-
YEBaeT Myl MHEPUHOHHOCTb 3JEKTPOHHO-JIy4eBOH TPYOKH:
3J€KTPOHHBIA IYYOK MPAKTHUECKH MIHOBEHHO pearupyer Ha
H3MeHeHHs Hanps:KEeHWA Ha ynpaeJslouX nuactunax. Ha
3TOM OCHOBAHO IPHMEHEHHEe SJEKTPOHHO-Iy4eBOd TPYOKH B
371eKTPOHHOM ocuu/Iorpade — npubope, KOTOPbIA NpHMEHs-
ercsa JUIs M3YYeHHS MepPHOAMYECKHM H3MEHAIOIUXCs Hampske-
HUHA.

5°. D/eKTpoHHO-Jy4yeBble TPyOKH HenATcA Ha JBa THNA:

a) mpybKu ¢ sAeKmpocmamudecKum ynpasaenuem. B tpyorax
3TOrO THUIA OTKJIOHEHHE 3JIEKTPOHHOrO NyuYKa [OCTHraeTcd
M3MEHEHHEM 3JIEKTPHUYECKOro MOJA MEXAy ynpaBasoliMMu
nJAacTHHAMY,

6) mpybKL C 9AEKMPOMOSHUMHOLY Ynpasaerues. B TpyO-
Kax 5TOro THUIIA OTKJOHEHHE 3JEKTPOHHOro Hy4yKa JAOCTHra-
eTcsl M3MEHEHHeM 3HaueHMsi W HanpasJjeHus Bektopa B mar-
nutHoft muaykuuu (111.4.1.3°) MarHMTHOrO MOJSsi, B KOTOPOM
IBHKETCS 2JeKTPOHHBIA Ny4yoK. COOTBETCTBEHHO C H3MEHEHHEM
BekTopa B mensercs cuaa JlopeHua, OTK/IOHAIONAA 3JIEKTPOH-
mulit nyuok (I111.4.5.1°).

3.11. JnexTpOnpPoBOIHOCTD
YHCTHIX NOAYTPOBOAHKKOS

1°. HoaynposodruKasmu Ha3bIBAIOTCS BellecTBa, YAEIbHOE
5JEKTPHUECKOe CONPOTUBAEHIE P KOTOPBIX MOMET M3MEHATHCA
B LIKPOKUX NIpejie/iaX H OYeHb

GbicTpo yobiBaer ¢ noseme- 9 (D) ; @

HHEM TeMnepaTypsl. XUMHU- B

yeckue JMeMenThl, o0.1a1am0- it S'@ 4 p@b’f’~ g @

miMe CBOMCTBAMM IOAYMpPO- i

BOJHHKOB, 06pA3yioT B Ile- JZG @J"A @5"8 @
pHOMMYECKON cHcTeMe 3Jie- g § &

MEHTOB MenjneneeBa 5”85’ By @
(V1.2.9.1°) rpynmy, u306- n_ 1S jTe |1
paxennyo Ha puc. 111.3.10. Puc. I11.3.10

TunuyspiMH IIHPOKO NpHUME-

HSleMBbIMH [OMYTIPOBOJHUKAMH fiBJIATCA repmanuii Ge, Kpem-
nuit Si n reanyp Te. DTH XHMUYECKHE dJIEMEHTBI IPUHAJ/IEKAT
kK IV u VI rpynnamM nepuoauyeckOd CHCTeMbl, W Ha BHELIHeH
3JIEKTPOHHOM 000/I0UKE aTOMOB 3THX 3/1EMEHTOB HAXOAATCS
yeThipe BaieHTHsX aekTpona (VI.2.9.2°),
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2°, Kpucranjbl TepMaHMs H JAPYTHX [OJYNPOBOLHHKOB
MMEIOT aTOMHYIO KpHcrainuueckyto pemerky (11.7.1.2°). Ilno-
cKas CXeMa CTPYKTYPHI KpUCTa//ia repMaHusl HaobpaskeHa Ha
puc. I11.3.11. Yetbipe BaJieHTHbIX 3JIEKTPOHA KaKIOro aToMa
Ge cBfA3aHBI ¢ TAKUMH K€ JIeKTPOHAMH COCEIHHX 4TOMOB XHMH-
YECKMMH T1aPHO3JEKTPOHHBIMU CBSISAMU (KOBQAEHMHAHAUS C853b)
(V1.3.3.1°). B uuctoM Kpucraslje repMaHus M B KpHcraajax
JAPYTHX NOJYIPOBOJHHKOBBIX 3/IEMEHTOB NpHM HH3KHX TeMIle-
parypax cBOGOAHBIX 3JIEKTPOHOB HET, M TaKHe KPHCTAJbl B
5THX YCJAOBHAX SBJSIOTCS XOPOIIMMH JM3JEKTPUKaMH,

Y
A ’:/ W >
R ® oo ‘
g
7@ QY @
04 e
</ N i NS
N K N
\ ﬁ
. /, @ “
s o F \\ \ 7,
. \/
OQ Ei et
4 ~, ”~ ~,
0 WY s WY ¥/ ’a
Puec. I11.3.11 Puc. 111.3.12

3°. DneKTPONPOBOAHOCTE XHMHYECKH YHCTOFO ROJYIIPOBOJ-
HHMKa OKasblBaeTcsi BO3MOXHOH B Te€X CJayuyasiX, KOria KoBa-
JIeHTHbIE CBSI3H B KpHCTa/1aX paspuiBaioTcsl. Hanpuwmep, Har-
peBaHue JI0 CPABHUTEbHO HEBBICOKHX TEMIEPATyp NPUBOJMT K
pasphiBy KOBaJIEHTHLIX CBsi3ell, NOABJEHHIO CBOGOAHBIX 3JIeKT-
POHOB M BOSHUKHOBEHHIO COOCMEEHHOU 3AEKMPOHHOL Nnposodu-
mocmu (NPOBOJUMOCTH A-THHA *)) UMCTOrO NOJNYNPOBOJHHKA.
DHeprua, Koropas Jo/KHa ObITh 3aTpayeHa A CO3AaHUs B
KpPHCTalJaX UYHCTHIX TOJYNPOBOAHHKOB 3JEKTPONPOBOJHOCTH,
HA3bIBAETCS SHepauell axmusayuu cO6CMEEHHOL nposodumocmu.
Ee 3naueHMsi B 3/M€KTPOH-BOJbTaX AJSi PAa3/IHUYHBIX NOJAYNPO-
BoJHHKOB yKasaHwl Ha puc. I11.3.10 B xpyxxax,

4°, C noBHIILEHHEM TeMIlepaTyphbl Bo3pacTaeT YHC/I0 paspl-
BOB KOBQIECHTHBIX CBfI3efl M YBENMYHBAETCH KOJHUECTBO CBO-
GOJHBIX 3JIEKTPOHOB B KPHCTAMJIAX YUCTHIX NOJYNPOBCIHHUKOB,
1o 03Hayaer, 4TO0 YjAeJAbHAs 3/JeKTPORPOBOAHOCTb YMCTHIX MO-
JIYTIPOBOJHHKOB YBEJHYHBAETCSl C MOBHIILEHHEM TeMIepaTypHI.
CooTBETCTBEHHO YJEe/NbHOE CONPOTHBJEHHE YMCTHIX HOJIYNPO-

*)} Ot saiunckoro «negativusy — oTpuBatedbHblf,
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BOAHUKOB yMeHbiiaercss npu Harpesanun (puc. I11.3.12).
DTuM NONYNPOBOAHHKH CYILECTBEHHO OTJAHYAIOTCSA OT METAJLIOB,
Yy KOTOPBIX YJefbHOE COMNPOTHUBJEHHE YBEIUYHBAETCA NpH
Harpesaunn (111.2.5.2°).

Kpome narpepanusi, paspbiB KOBaJEHTHOH CBS3H U BOZHHK-
HoBeHue COGCTBEHHOH MPOBOAUMOCTH I0JYIPOBOJHHKOB MOLYT
6bITH BbI3BaHBl OCBelEeHHeM (¢homonposooumocms norynposod-
HUK08), a TaKme JEHCTBHEM CHJBHBIX 3JIEKTPHYECKHX [10-
Jiedt.

5°. Korga gpucrannidyeckuii YHCTBIA [OJYIIPOBOAHHK [10/1Y-
HAET IHEPruio, HEOGXONUMYIO LI Pa3pbiBa KOBAJEHTHBIX CBi-
3efl, ¥ 3JEKTPOH YXOJUT CO CBOErO MeCTa, 3AeKTpHuecKas
HeHTPaNBHOCTD KPUCTa/L1a B 3TOM MecTe Hapyiaercs. B rtom
MecTe, OTKYAA yIlles 3JeKTPOH, BO3HHKHET W30BITOUHBIH 110J10-
MUTEJbHBIHA 3apsaj — ofpasyercsa nososumersran doipra. Oua
peaer cebsl Kak 3apsj, PaBHbil MO aGCOMOTHOMY 3HAYEIIHIO
3apsify 3JMEKTPOHA, HO MOJOXKUTEAbHBI 110 3HaKy. Ha ocso-
GoJiMBUICECST OT 3JIEKTPOHA MECTO — JILIPKY — MOMKeT [epe-
MECTHTECSI COCEJHHH 3JeKTPOH, a 3T0 pPAaBHOCHJABHO TOMY,
YTO TEepeMecTHJIAch MOJIOKHTeNbHas AbIPKA: OHA MOSABUTCSA B
HOBOM MeCTe, OTKY/Ja Yllea 3JEeKTPOH.

XapakTtep ABUMKEHHs JNLIPKH B KPHCTA/JIE MOAHO YSCHHTD
U3 chefytomell ananoruu. [TycTb U3 LIepeHry NHOHEPOB BblIe
OIdH MHGHEP M 06pa3oBaiach «BaKadcusi». Lcau Bee croAuine
clipaBa NHOHEPHL OYAYT NOC/AENOBATEAbHO I[epeMellaTbes Ha
0cBOSONMBIIGECT MECTO, TO BCE OYJET NPOHCKOMUTH TaK, KAk
Syare c3o00HOE MeCcTo NepeABHraeTcst B CTOPOHY, HPOTUBO-
NOJKNKINYVIO TIEPEMELIEHHIO IHCIEPOB.

6. Bo BHeiuHeM 3JEKTPHYECKOM [0J€ 3JEKTPOHBI nepeme-
IAITCH B CTOPOHY, NPOTHBOMNO/IONKHYIO HANPABJGHUIO HApsi-
JKEHHOCTH  3JeKTpuueckoro Mousa. [losoxuTenbusle JpipKH
NePeMCUIaoTesl B HAMpABJEHHH HANPSKEHHOCTH 3JEKTpUHe-
CKOro NOJIst, T, €. B TY CTOPOHY, KyJAa ABUra/cs Obl MOAGKHTC/b-
HBI 3apai TOA JeHCTBHEM 3jeKTpudeckoro noas. [lpouecc
NepeMeleH st 3JeKTPOHOB M ABIPOK BO BHELIHEM [0Je [pouc-
XOJHUT 110 BCeMy KPHCTAJMNY NOJAYNPOBOAHNKA. DJIEKTPOIPOBOI-
HOCTL YHCTOTO NOJYNPOBOAHHKA, 00yc/0BIeHHAs YIOpALoYeil-
HBIM MepeMellerueM JbPOK, Ha3blBaeTCA coOCMmBeHHOt Obipoy-
Hotl nposodumocmpro (nposodumoctiiero  p-THNA *)).

TesmitepaTypHasi 3aBUCHMOCTb YACABLHOTO CONpPOTHB/CHHA
npy  AbpoYHOH NPOBOAMMOCTH aHa/jorkuna Toff, KoTopas

*) OT ;AaTHHCKOIO «POsitivisy — NOAOKHISALUEIE,
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xapakTepHa [JIs1 9JeKTPOHHOH npoBojumocTtd (m. 4°). Oémaﬂ
yAebHas 3/EKTPONPOBOJHOCTD 110/1yIPOBOAHUKA (111.2.4.1%)
CKJaAbIBAETCS W3 [POBOJMMOCTEH f- U pP-THIIOB.

3.12, lpamecHas 3JeKTPONPOBOJHOCTD
NOJyNPOBOJHHKOB

1°. Ipumecroid nposodumocmoro NOJAYNPOBOAHUKOB HAa3bl-
BA€TCA HX 3JEKTPONPOBOJHOCTb, 0OO6YCJOBJEHHas BHeCeHHeM
B HX KPHCTaJJIHYeCKHe pELIeTKH NpuMmecel (npumecHbix yenm-
pos). TIpUMeCHBIMH LEHTpaMH SIB/AIOTCS: d) aTOMbl HJH HOHBI
MOCTOPOHHHX XHMHUYECKHX 3JIeMEHTOB, BHEADEHHLIE B PEILETKY
0JIYIPOBOAHHKA; 6) M36LITOUHbIE aTOMBI HJIH HOHbI 3/1eMEHTOB
. , MOJYIPOBOXHUKOB, BHEIpPEHHbLIE B
S~ MEXIOY3JHs1 pelleTKU; B) pa3Jjnd-
[/ L

@ ; Be E HOrO poja Jipyrue JedeKTh i HcKa-
/ i MEHH$ B KPHCTaNINYeCcKoi peLer-
AN ,«j/m” iy K€ NYCTHIE Y3JIbl, TPEUHHEI, CBH-
%%%M rd, BO3HHKawoue npu Aedopma-

SO WM [HAX KPUCTALJIOB, H T. A.
2°, Tlpumecu BHOCAT H3MeHe-
HHA B 3J/€KTPOIPOBOIHOCTL NO-
JynpoBoiHuKoB. [lpu uameuenun
KOHIIEHTpalUuu npuMecell H3MeHs-
ercsl 4YUC/I0 HOCHTeel 3JeKTpH-
YECKOTO TOKA — 3/IEKTPOHOB H Ibl-
pox. BosmoxHocTe ynpassenus
YHCAOM HOCHTeJeH ToKa (HarpeBaHHeM MJH JEHCTBHEM Jpy-
rux (akTopoB, HanpHMep OCBELUCHHEM) JIEXKHT B OCHOBE Lili-
POKOro npuMeHeHnHs NOJYyNPOBOJAHUKOB B HAayKe M TexHuke. B

MeTa/s1ax Takas BoaMoxHocTb orcyterByer (111.2.1.7°).
3°. TlpuMecH MOTYT CAYXKHUTb NONOJNHUTEJNbHBIMH [1OCTaB-
IHKaMH 3JIEKTPOHOB B KPHCTa/Jbl DOJYIPOBOAHHUKOB, [IycTh,
HanpuMep, B PellleTKe MOJYyNPOBOAHHKA ONMH aTOM repMaHud,
HMEIOLIMH YeThipe BAJISHTHBHIX 3JIEKTPOHA, 3aMeHEeH aToMOM
NPUMECH, KOTOPHIH HMeeT NATh BaJEHTHBIX 3/1€KTPoHOB (doc-
¢op, MBIIILAK, CypbMa). HeThpe 3/1€KTPOHA NPHMECHOrO aToMa
yYacTBYI0T B 00pa3oBaHHH KoBaJeHTHhX cBssefi (V1.3.3.1°)
C 3/IEKTPOHAMH COCEZHHX aTOMOB repMaHus, a NAThIH 3/eKTPOH
HE MOMKET YyYacTBOBaTb B 00pa3soBaHHM KOBaJIEHTHOH CBSI3H.
On sBasiercss «IMIHUMY», cnabee CBSA3aH CO CBOMM ATOMOM H
JIETKO MOXET €ro MOKHHYTb H CTaTb CBOGOAHBIM 3JEKTPOHOM
(puc. 111.3.13). Tlox xeficTBHEM 3JIEKTPHYECKOTO MOJIsI TaKUe
3JIEKTPOHBL IPUXOAAT B yNOPALOUEHHOE JBHKEHNE B KpUCTaIe

Pue. [11.3.13
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IOJYNPOBOAHHKA, H B HEM BO3HHUKAET JAEKMPOHHAA NPUMECHA
nposodusocms. llonynpoBoaHHKH ¢ TakoH NPOBOAUMOCTLIO
HA3bIBAIOTCS JAEKMPOHHLIMU WIH NOAYAPOSOOHUKAMIL N-MUna.
ArtoMut npuMecel, MOCTaB/AIOUIME 3JIEKTPOHBI, HA3LIBAIOTCH
doHopamu *),

4°. [lpu 3ameuienuu B KPHUCTAJLIE NOJAYIIPOBOHHKA OJHOIO
aToMa C YeThlPbMS BaJEHTHBIMM 3JIEKTPOHAMI aTOMOM IPHMECH,
KOTOpPLIH MMEeT TPH BaJsieHTHBIX 3JIeKTpoHa (uHaui, Gop, ajio-
MHHHI1), BO3HHKAET HEJOCTATOK OJHOro 3/eKTpoHa Ajs obpa-
30BaHUsl BCEX KOBAJNEHTHBHIX CBA3ell B pemeTKe (puc. III.3.14).
OnHako NpUMECHBIH aTOM MOKET ™~
co3nath Bce CBf3H, €CJaH OH 3a-
HUMCTBYET 3JIeKTPOH Yy Ourkaiiiie- ' %%Izmgﬂbﬂaﬁ'
rO OCHOBHOTO aToMa B peIleTKe,
Toraa Ha mecte 3/1eKTpoHa, yuel- ﬂgﬁg/‘/nﬂ/ﬂ/j{[/{j NS
Hiero K3 OCHOBHOro aroma, obpa- %g%’/’/’[’w \‘
gyercst  TOJOXUTENbHaAsE JAbIpKa anoye NG
(I11.3.11.5%), koTopasi B CBOIO OYe-

\ \
pelb MOXKeT GbITh 3aT0JHEHA 3JIeKT-
POHOM U3 C/eAYIOLIEro, COCeHero
atoma peiuerkd, u T, A. llocne-
JIoBare/ibHOE 3aroJiHEHHEe IOJIo- Pﬂc. III.3‘14

JKUTEIbHBIX JBIPOK 3JEKTPOHAMH
PaBHOCHJIBHO JBHIKEHUIO JBIPKH B HOJYNPOBOAHHMKE H MOfB-
JIeHU10 B HeM HocuTesel Toka. Ilox neficTBHeM 3/eKTpUYECKOro
nosst AbIpKa NepeMeliaeTcsi B HanpaBjieHHH BeKTOpa Hanpsi-
JKEeHHOCTH 1oJisl, U B MOJYIPOBOAHUKE BO3HUKAET Obipodnasn
npumecnas nposodumocme. 1lonynpoBoJHUKH € TaKO# NpoBo-
JIUMOCTBIO Ha3bIBAIOTCH APUMECHBIMU ObIPOYRLIMI UM NOAY-
nposodHuKamu p-muna. ATombl npumeceil, KOTOpble NPHBOAAT

NPHUMECHOH ABLIPOYHOH INPOBOAMMOCTH, HA3BIBAIOTCA aKyer-
mopamny **),

5°. Eci B NOJYHPOBOAHUK OIHOBPEMEHHO BBOAATCS H
JOHODHLIE M aKUEeNTOPHble NPHUMECH, TO XapaKTep [POBOAH-
MocTH (e n- WIH p-THI) ONpPENENseTCs NPHMEChIo ¢ Gosee
BBICOKOl KOHIEHTpanued HOCHTeNeHdl TOKa — 3JIEKTPOHOB HJIH
aupok.  Ilpu moboM THne 3/1eKTPOIPOBOAHOCTH MOJYIIPOBOA-
HMKa KOHUEHTpalHMs HOCHTeNeH TOKa B HeM 3HAYHTENLbHO
MeHblle, YeM B Mera/iax. Ho BenvunHa 3TOH KOHLEHTpAIH,
KaK 1 Heprus HocuTesnefl TOKa B MOJNYNPOBOAHHKAX, B OTJIH-
Yhe OT METa/IJI0B, 3aBUCHT BecbMa CHJBHO OT TeMIepaTyphl.
Ilpy HarpeBaHHM uYMCJIO HOCHTeJell TOKa Pe3KO BO3PACTaeT.

*) Ot natHHCcKOTO «donare» -—— JapUTh, XKepTBOBATh.
¥*) OT naTHHCKOro «acceptor» — NpHEMILUK.
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3.13. SaeKTpHuecKHe CBOMCTBA
KOHTAKTa NOJYNPOBOAHHKOR p- U N-THIOB

1°, O6iacTh  MOHOKPHUCTANJIHYECKOLO  NOJNYIPOBOAHHUKA
(11.1.6.4°), B KOTOPOM NPOMCXOAMT CME€HA NPOBOAMMOCTH C
SMEKTPOHHON Ha ABIPOUHY0 (ANM HaoOOPOT), Ha3hLiBaeTcs
3aeKmporH0-Obipourbin nepexodom (p—n-nepexonom). OOBIMHO
p—n-nepexon o6pasyercss B KPHCTaN/Ie NOMYIPOBOAHHKA, TAe
BBEJICHHEM COOTBETCTBYIOMHX NDHME-

a1 cefl co3faloTcsi OOJM&CTH C Passnd-
000 tizz! @®@®| HOH (p- M n-) NPOBOAUMOCTLIO.
C0O izl ©O®® 2°, Tlpu KOHTaKTHPOBAHHH JABYX
000 1112zl @D noaynpoBONHHMKOB C PA3IHUHLIME TH-

naMH NPOBOAUMOCTH OyJeT NpoHcxo-
Puc. 111.3.15 JuTh B3auMHasa anbdysus (11.1.3.1°)
HOCHTeJIeH TOKA 4epe3 FpaHully Colipu-
KOCHOBEHHSI (KOMMaKm) TOJYNPOBOJAHHKOB. OIJIEKTPOHEL H3
n-nosynpoBoguuka Oyayr judubyHAHpOBaTE B ABIPOYHHIH
p-nonynpoBoguuk. B pesyaprare uz ofbema n-MONYTPOBOAHK-
Ka, TpaHHYyaulero ¢ KOHTAKTOM, YHAYT 3JE€KTPOHB, 3TOT 06beM
6yaer ofenuen sJeKTpoHamu, W BOJH3H TPaHHILL B HeM ob6pa-
3yeTcs ¥3OBITOUHBIHA NOJNOXKUTENBHBIH 3apsn. Juddysus gpipok
M3 p-HONYNPOBOAHMKA [0 2HAJOIMYHEIM NPHYHHAM NPHUBEAET
K BO3HHKHOBEHHIO BONH3M TIpaHHlLbl B p-NOJYIPOBOJHKHKE
¥36LITOYHOTO OTPHLATENBHOIO 3apsaja. B pesyJbrare Ha rpa-
HRUE 3/1eKTPOHHO-ILIPOYHOTO Nepexofa obpasyercs 3andparo-
wui arexmpuueckutl caott Toawynsl [ (puc. 111.3.15). Daexrpu-
yecKoe NoJie 3amupalollero C/10s MPENATCTBYeT JajdbHeliiemy
nepexojly 3JeKTPOHOB M ABIPOK uyepe3 TpaHMIy pasjena ABYX
NONYNPOBOAHMKOB. 3alHpaloiiuil c10H HMeeT NOBbIUEHHOE
CONMpPOTHBJ/IEHHE 110 CPABHEHHIO C OCTAJbHEIMH OOBEMaMi NOJY-
IPOBOZXHHKOB.
3°. BHemHee 3JeKTpHYECKOE II0J€ BJsieT Ha CONPOTHBJIE-
HHe 3aNHPaloLlero 31eKTPpUYecKoro nois. Eciau a-nonynposoa-
HHK MNOJAKJIOUEH K OTPHUATEILHOMY NOJIOCY HCTOUHHKA, &
IJIOC MCTOMHMKA COGAVHEH C p-NONYNPOBOLHHKOM, TO TOf
REACTBHEM 3JIEKTPHYECKOrO I10JIS 3/EKTPOHB B A-NOJYIPOBOA-
HHKE U ABIPKH B p-NOJAYNPOBOAHUKE OYAYT ABUIaThCsl HABCTPEYY
APYr APYTY K TpaHulE pasjiesia NONYNPOBOAHHKOB. SVIEKTPO-
HBl, NEpeXois PpaHully, «3anoaHAI0T> AbIpKH. [1pu Takom npa-
MOM (NPONYCKHOM) HANPABICHHY BHEIIHETO 3J1€KTPHYECKOro Mo~
Jis1 TOJIIHHA 32N PAOLLETO A0S H €70 CONPOTHBJIEHHE HENPEDhIB-
no ymenbwaiores (pic. 111.3.16). B aroM HanpaB/ieHuH 3/€KT-
PHYECKHA TOK IIPOXC, 1T Yepe3 rpaHuuy ABY X Oy I POBOAHHKOB.
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4°. EcaM 7-nonynpoBOJHUK COENMHEH C TIOJOXKHTENbHBLIM
NOJIOCOM HCTOYHHKA, a p-NOJNYNPOBOAHHK — C OTPHLATENb-
HEIM, TO 2JIEKTPOHBI B 71-NOJYNPOBOLHUKE M ALIPKH B p-TOAY-
NPOBOAHHKE NOA AEACTBHEM 3JIEKTPHYECKOro noas OyayT nepe-
MEIATbCA OT T'PaHULB! Pa3fieia B NPOTHBONONOXKHBIE CTOPOHbI
(puc. 111.3.17). 310 nPUBOIHT K YTOMIEHHIO 3ANIUPAICUIETC COA
¥ yBeJqWueHHo ero conpotupjenus. Hanpaeaenue suemHero
3JIEKTPHYECKOT0 TOJs, pACKPSIOLIee 3anHpanmuil  c/1oH,

L !
n [ » n__ b -
RE @ n_| 2
SeH I C) & @® <Ottt O
O i+|-1 <@ Q= ~O Itttf-~~1 @
-~ :+++——-—§ Ona
il , i , It
) -+ +]' =
Puc. 111.3.16 Puc. 111.3.17

HasblBaeTcs sanuparowim (obpamneim). Ilpn Takom Hanpas-
JICHHH BHELIHEr0 1i0Js 3INEKTPUYECKHH TOK Yepe3s KOHTaKT
ABYX n- W p-TIOJNYliPOBOJAHMKOB IPAKTHYECKH HE NPOXOJUMT.

5°. DJIeKTPOHHO-IBPOUHbIA niepexo of1ajaeT OJ{HOCTOPOH-
Hell (YHHIOJNAPHOI) NPOBOAMMOCTbIO, AHAJMOTHYHO EHIIPSIM-
JAFIOIEMY  JeHCTBLIO  ABYX3JCKTPOAHOM  JIaMilbl — AMOoAA
(111.3.8.3°). TloaTomy i10;1yNPOBOAHHK C OAHHM p-—7-TI€PEXO-
JIOM HasbIBAETCS 10Aynposooruioebim duodom. Tlonynposonnu-
KOBbIe AMOAB 00JIaJaloT LEJNBIM PALOM DPEUMYLIECTB nepej
3/1eKTPOHHBIMU ABYX3JIEKTPOJAHLIMHA JlaMaMyi (9KOHOMHST 3Hep-
FUH JJ1sl TIONYYEHHs] HOCHTEeJEH TOKa, MHHHATIOPHOCTb, BLICO-
Kasi HaJIeXHOCTh M Gospiuoll cpoK cayxk6el). Hexoctatkom
NOyNPOBOAHUKOBLIX AHOAOB SIBJISETCH OTPAHMYEHHBIH WHTEp-
BaJ TeMIeparyp, B KOTOPOM OHH paboTaioT (npubausHTejabHO
or —70 no +125 °C).

F'aasa 4
MATHUTHOE NOJE NOCTOAHHOIO TOKA *)

4.1. MaruuTdoe noje. BekTop HBAYKIMHK
MardMTHOro nojs. MarHMTHbLIA MOTOK

1°. Maenumnois nosem HasbIBAETCA OJHA W3 YacTell 3JeKT-
pomaruurdore nois (I111.1.3.1°). OcoGeHHOCTBIO MarHUTHOIO

C

*) Bce goprmyan B 3Toft IiaBe npusegens roabxo B CH (VI1.5.53%.
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NoJIs siBJISieTcs TO, YTO 3TO I0JI€ CO3JaeTcsi MPOBOJHUKAMH C
TOKAMH, JABMXKYLUIUMHCS 3JEKTPUYECKH 3apsiKEeHHBIMH YacTH-
yamM# M TeJaMH, a TaKXe HaMarHM4eHHbIMM TeJaM{
(111.6.2.1°) u mepeMeHHEIM anekTpuueckum nosem (IV.4.1.3°).
MarnuTHoe noJe, XapakrepucTuku koroporo (I11.4.1.3°,
111.4.1.8°) He U3MEHAIOTCS C TEYEHHMEM BPEMEHH, HAa3LIBAETCH
cmayuonapHum. B TpOTHBHOM Clyuae MArHUTHOE I10Jie sBJIsi-
; eTCH NepemeHHblM (Hecmayuo-
L e Haptoim) nosex. BosruKHOBE-
> HHe CTAaLHOHAPHOrO MarHUTHOTO

noJst BOJH3H NPOBOJHHKA C TO-

-

/)

& KOM HJUIIOCTPHDYETCS OCHOBO-
noJIararwuuM onsimon Ipcmeda.
Puc. 111.4.1 EcH MarHuTHyIO CTpeKy, Ko-

TOpasi MOXET CBOGOJAHO RBpa-
1ATbCsi BOKPYT BEPTHKAJbHOH OCH, NOMECTHTb NOJ I1psIMO-
JIHHEHAHBIM MPOBOAHHKOM C [IOCTOAHHBLIM TOKOM, TO OHa NOBO-
pauuBaercsi, Kak noxasano Ha puc. 111.4.1, crpemscs pacnosio-
KHUTBCS TEPHEHAUKYJ/AAPHO K IPOBOJHUKY € TOKOM. CrTpesika
TeM TOYHee COBHAJaeT C 3THM HamnpaB/icHHeM, uyeM GoJsbiue
cHJIAa TOKa, 4eM OJIHIKe CTpelKa K MPOBOJAHHKY H yeM cjabee
BJAMAHHE MATHUTHOTO fosig 3eMJIH.

2°, MaruurHoe mnoJie JedCTBYyeT TOMBKO Ha JABHXKYLIHECS
yacTULBl Y TeJla, O6/ajaomue 3jJieKTpuuecKuM sapsinoMm. Ha
HamarsnyenHsle Tena (I111.6.2.1°) marnuTHoe noje jeficTByer
HE3aBHCHMO OT TOIO, ABMXKYTCHA OHH HJM HENOABUIKHEL

3°. CuoBoit XapaKTepHCTUKOH MarHUTHOTO TONS SBJSETCA
gekmop UROyKyuu mazHumnozo noasa B (sexkmop macnumrnoi
uHOyKyuu, WIM maenumHas undyxyus). Tlonstue o BexTope
HHAYKLHY MAarHUTHOTO [10/151 BBOAUTCA HA OCHOBAHHH OZHOIO U3
TPeX ONBITHHIX (DAaKTOB: a) OpHEHTHpYyiouiee JAeHCTBHE MarHuT-
HOrO NOJIA Ha PaMKy C TOKOM (3aMiuymbul naockuli KOHmyp
¢ mokom) (n. 6°), 6) OTKJOHEHHe NPOBOJHMKA C TOKOM B
mardutHoM none (111.4.2.4°), B) OTKJIOHEHHE NyYKa 3/EKTPHU-
YeCKH 3apSKeHHBIX YacTHL, ABHKYIIUXCA B MATHHUTHOM [OJ€
(111.4.5.1°).

4°. MoaecHummnoim MOMEHMOM 3AMKHYMO20 NAOCKO20 KORMYpQ,
[0 KOTOPOMY NpOTEeKaeT TOK cuJ/oit I (HanpHmep, PaMKH ¢ TO-
KOM), Ha3blBaeTcsi BHKTOP P, DPaBHLIH

Pr= ISHO,

rae S — miIomasb NOBEPXHOCTH, OXBATHIBAEMOH KOHTYDOM,
N, — BEKTOP ¢ MOAYJIEM, DPAaBHEIM €[HHHIE, Hanpas/eHHbIHA
NEPNEHAUKYNAPHO K INIOCKOCTH KOHTYpa (eOUHUYHbIL 6ekmop
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HOpMaau). BeKTOPH Ny U P, NEPrEHIRKYJIAPHB K IVIOCKOCTH
KOHTYPa M ODHEHTHDPOBaHH TaK, YTOOB U3 KOHLOB BEKTOPOB
Ny ¥ Py, TOK KasaJjcs NPOTEKAIOWMM IPOTHB YACOBOH CTPEJIKH
(puc. 111.4.2),

Hanpaenenne enuHuyHOrO BEKTOpPA HOPMaAH Ny, M BEKTOpA
MarHHTHOTO MOMEHTA P, ONPEAeNACTCA TaKKe NPaAgUAOM NPaBO-
2o eunma (npasuao 6ypasiuxa): €cnu pyKoaTrky OGypaBuMKa ¢

Toxe

Pm

I
Puc. 111.4.2 Puc. 111.4.3

npaBoil pesbGol BpallaTh N0 HaNpaBJEeHHIO TOKA B KOHTYype (B

paMKe ¢ TOKOM), TO HanpapJleHHe BEKTOPOB My ¥ P, COBNANAET

C HanpaBJeHHeM JBHKeHHs OCTpusi GypaBuuka (puc. 111.4.3).
5°. Ha miockyo paMKy ¢ T0-

KOM, NIOABEIEHHYIO Ha Heynpy-

roii HUTH B OAHOPOAHOM MarHHT- =

HOM 1oJie, AEHCTBYET MOMEHT ———
cna (1.3.1.4°), koropnidl noso- N =] Y —
payupaer ee. OpueHTHDYyOWEE =] 7B
JeficTBHE NNOJA HAa PaMKY C TO- Puc. 111.4.4

KOM HCHoJib3yercs AJsi Bh6opa
HanpapJieHHs BeKTopa MarHUTHOH MHAYKIMH noas B, B Koro-
poe nomelleHa paMKa. 3a HanpabJeHHe BekTopa B B jaHuoi
TOYKE MarHuTHOrO II0Jisi BHIOMpaeTCs HanpasJieHHE BEKTOPOB
HOPMAJIH Ny M MATHMTHOrO MOMEHTAa P, MaJod paMKu *) ¢
TOKOM B OKPECTHOCTH AaHHOH ToukH (puc. 111.4.4).
Hanpassnenne Bektopa B coBnanaer ¢ HanpasieHueMm nps-
MOfi, TPOBEACHHON yepe3 LEHTP MArHUTHON CTPEJNKH OT €€ 10K-
HOro S K ceBepHOMY N MOMIOCY, €C/IH 3T CTPEJNKA Mandblx **)

*) Pamka ¢ TOXOM J0JKH@ GRITL CTOJb MajablX pasMepoB, 4TOGH
He HCKaXaThb TOTO0 MaTHMTHOTO HOJSH, KOTOPOE € €€ OMOILbIO H3y4aercs.
Kpowme Toro, npunuMaercs, 4T0 COGCTBEHHHIM MaTHHTHEIM NOJEM, KOTO-
poe cosjlaeT paMKa ¢ TOKOM, MOMHO NpeHebpeub.
**) MarHHTHas CTpeJKa CYHTAaeTCd MaJoH, eclM OHa He HCKakaer
MariuTHOE M0Je B TeX TOYKaX, [Je OHAa HaXOJUTCH, H MOKHO NpeHebpeyb
€e COOCTBEHHBIM MarHHTHHIM NOJEM.
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pa3MepoB IIOMelleHa B OKPECTHOCTH JaHHOH TOYKH MATHHTHOTO
nons (puc. 111.4.5).

MarunurHoe nosie Ha3biBaeTcst 00HOPOOHbIM, €CH BeKTOpsl B
BO BCEX ero TOYKax OAHHAKOBH. B MpOTUBHOM ciydae moJe
HA43BIBAETCA HEOOHOPOOHbIM.

6°. Ha nuockuil saMKHyTBII KOHTYpP ¢ TOKOM (Hampumep,
NPAMOYTOJABHYI0 PaMKy), MOMELIEHHEI# B OAHOPOAHOE [oJie,
nefictByer MomeHT cuni M, MOAy/ab KOTOpOrO paBeH

M=p_ Bsina,

YA€ pPp — MOAYJIb BEKTOPa MAarHHTHOrO MOMEHTa KOHTYpa
(1. 4°), B — Moay/nb BeKTOPa UHAYKUMH MArHHTHOIO MOJ,

B /
st ey 1
e P
{@/;—";}Tﬁ B ]
bttt ettt s
e e
T rmrer———————r— -
Puc, 111.4.5 Puc. 111.4.6

G — YroJ MexJy BeKropamu p,, 1 B (puc. 111.4.6). U3 npe-
ABIAYILEH GopMYJIEl BhiTeKaeT CASAYIOLIEE ONpele/ieHe MATHUT-
HOM MHAVKIMM: MOAYJb BEKTOPA MarHUTHOH HHAYKLHU B JaH-
HOH TOYKe OJHOPOAHOTO MAardMTHOIO MNOJAA PaBeH HauGOoMb-
J1eMYy 3HAUEHUI0 MOMEHTa CUJ My ., AEACTBYIOIETO HA MAJIYIO
pPaMKy € TOKOM, UMEIOULYIO €AHHUUYHBIH [0 MOAYJIIO MarHHTHbINA
MOMEHT p)yy, NOMEUICHHYIO B OKPECTHOCTH JAaHHOH TOYKH:

B— Muake . Miaxcc

2
3Hauerne M=M,, .. COOTBETCTBYET TaKOH OpHeHTauuu
o k11 o
paMKy, HpH KOTOPOH a:% pajguas, T. €. JUHHH MaTrHUTHOH

UHAYKUHY (. 7°) JlexKaT B MJIOCKOCTH PaMKU, a €e MarHUTHLIA
MOMEHT HaupaBJeH NepPHeHAUKYAAPHO K JIMHHAM HHAYKLUHH.
B aroM nonoxeHuu paMka ¢ TOKOM OYAET HaXONUThCS B HEYCTOR-
yusoM papnoBecu (1.4.3.2°). VYcrofiuuBbiM (PaBHOBECHDBIM)
NOJIOKEHHE PaMKK ¢ TOKOM HJIH JIIOOOro 3aMKHYTOro KOHTYpa ¢
TOKOM OY/€T TOrja, KOraa NJIOCKOCTh paMKH HepleHIHK yJisipHa
K JIMHAM HHAYKLMH, a BEKTOD MArHHTHOIG MOMEHTa paMKi



4.1, MAFHHUTHOE [IOJE. MATHHUTHDLIA TIOTOK 253

(KOHTypa € TOKOM) napajjejeH JIMHHAM  HHAYKLHH
(puc. 111.4.4).

7°. Tpaduueckn MarHuTHOE 1OJIE MOXKHO M300Pa3HThb, €C/IH
BBECTH NPEJCTaB/CHHEe O JIMHUAX MarHuTHOH MHAyKuuu. Jlu-
HUAMU  MeeHumHod unOykyuw Ha3wIBaloTCsl BOOODaKaeMble
JIMHUH, KacaTeslbHBIE K KOTOPHIM B KaxAOH TOYKE COBHALAIOT C
HanpasieHueM Bekropa B B sTMX TouKax noad. JIMHWM mar-
HNTHOM HHAYKUMM 34MKHYTHl. 3aMKHYTOCTb JIHHHH MarinTHOMH
MHAYKIUMHM O3Ha4aeT, yTO B MNPHPOIe
OTCYTCTBYIOT CBOOOJHBIE MArHUTHLIE 3a-
pSAbl (MarHUTHBIE Macchl) (cp. JIMHMH
HANPSXKEHHOCTH  3JIEKTPOCTATHUECKOTI0
nona (111.1.3.5%)).

JINHUM MarsuTHOH HHAYKLHM INIpO-

BOAATCA C NPOU3BOJBHOH TIOTHOCTBIO.
OO6BIYHO CYMTAETCH, YTO MOAYJb BEKTO- Puc, 111.4.7
pa MHAYKLUHH MarHuTHOrO NoJs Nponop-
IHOHAJIeH YHCAY JHHHA MarHUTHOH MHAYKLHH, TNPOEEIEHHBIX
yepe3 eIWHHLUY IVIOIAAH [OBEPXHOCTH, MNEPIEHAHKYJSPHOI
K 35THM JIMHHAM. B OT/IM4He OT 3J1eKTPOCTATHUYECKOrO foJs,
MarHUTHOE [roJie siBastercss HenoreHunasnbHbiM (111.1.8.19),
HenoTenunajbHoe INoJ€ Ha3LIBAETCS GUXPESLIM noem  (CM.
takxke 111.5.3.2°). TIpuMepbl HEKOTOPHIX MAarHUTHHIX nOJeH
cm. 111.4.3.4°—6°.

8°. Ilomokom MaeHUMHOU UHOYKWUL (MASHUMHbIM NOMO-
xom) AQ CcKBO3b y4acTOK INOBEPXHOCTH C Ma/OH IJIOLLAAbIO
AS HasuiBaercst CKansipHasi BeNMYMHA, PaBHas

AD=B-AS-cosa= B, -AS,

rje B,=DB-cosa ecTb npoekuus Bektopa B MarHnTHON HHAYK-
MK Ha HopMasb K maowanke (puc. 111.4.7). Tonoxurenbubii
(oTpHLATeNbHBIH) 3HAK MarHHTHOTO IIOTOKZ COOTBETCTBYET
ocTpoMy (Tynomy) yray o, uam ycaoBuio B,>0 (B,<0).
MaruutHbiit noToK @ CKBO3b NOBEPXHOCTh € MJCILAAbLIO S
HAXOAHTCA anre0pauyeckuM CyMMHpOBaHueM 10TokoB AD
CKBO3b Y4acCTKH NoBepxHocTH. ECM MarnuTHoe 1noje ojHopoi-
HO, TO MarHHWTHBIA NOTOK uYepe3 NJIOCKYIO NOBEPXHOCTHL C MJO-
LHaablo S paBeH

O =BScosa,.

3apaua 1, [lpoBosouHbill BHTOK ¢ JuamerpoM B 20 oM
TNOMEINEH B OJHOPOAHOE MarHUTHCE TCNe, HHAYKIMS KOTOPOro
107% Ta. Ilpy nponyckanuy no BWTKY TOKa B 2 A BWTOK no-
sepuysca na 90°, Kakolf moMent cusi ACHCTBOBAN Ha BHTOK?
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Hano: d=20 cm=2.10"* M, B=1072 T, [=2 A, o==90".

Hatmu: M.

Pewernue: Monyib MOMeHTa CuJl, JACHCTBYIOLLErO Ha BUTOK
C TOKOM B MAarHutHoM nose, M=p,B sin o, tne p,=IS —
MATHHTHBIEI MOMEHT BHUTKa, S — MJIOU2Ab BHTKA, & — Yrod
MeXJ1y BeKTopamu Pp,, u B.

Tak xak @=90°, To

2
mM=22p,

. .4. -2
mM=2212 1070 10-3 Hova 6.1075 Hom.

3anaua 2. B marnurHoM nose ¢ muaykuueit 0,1 Ta pacno-
JIOXKEH cTep:KeHb JIUHOA 1 M, KOTOPBHI BpalllaeTcst nepreHu-
KYJSIPHO K HanpapJeHuo JIMHHA MarHuTHo# uuaykuuu. Och
BpalLleHHA NPOXOJHUT 4Yepe3 ONHH U3 KOHIOB crepxkHs. Ompe-
JeJUTh I0TOK MarHUTHOH HHAYKIMH CKBO3b OBEPXHOCTD, KOTO-
pylo 00pa3yeT cTep:xeHb Npu KamxioM obopote.

Hano: B=0,1 Ta, I=1 u, a=0.

Hatitmu: @.

Peweriiie: TIOTOK MarHuTHOH HMHAYKLUHUM, [POHU3BIBAIOLHI
wiomaaky S, ®=DBS cos o, rae o — yron MexAay BeKTOPOM
HMHAYKLUME H HOpMaJbio K mJouiagxke S, obpasyemoil Bpainaio-
LIMMCSHI CTEpP2KHEM.

CJaienoBaTebHO,

O =Bn2, ®=0,1.3,14-1* B6~0,3 B6.

4.2. 3axkod Amnepa

1°. Ha npoBOJHHK C TOKOM, MNOMEINEHHKHE B MariuTHOE
noJie, geiicTyer cusa Amnepa. 3akon Amnepa: Ha Manblil OTpe-
30K MPOBOJHUKA C TOKOM cuibl [ u jgnunoi Al, nomeuieHHOro
B OJHOPOJHOE MarHuTHoOe moJie ¢ HHAyKuued B, aelcrByer
cua AF, MOAyJab KOTOpolt paseH

AF=1I-Al-B-sina=1I-Al.B,,

rae o — yrol Mexxay BektopoM B M TpoBogHHKOM ¢ TOKOM
(puc. 111.4.8). Moaysb cuibl AF 3aBHCHUT OT COCTABJISIOWEH
pekTopa B, neprneHAUKYJAPHOH npoBOAHHKY: B, =B sin a.

2°, Bekrop AF nepneHjuKy/JfApeH K [POBOJHHKY C TOKOM
u k Bekropy B. Hampasnenue cunel AF onpepensercs no
npasuay Aegold pyku: eclau JagOHb JIEBOH DYKH PacHoJ/IOKHUTH
TaK, 4T00bl NEPUEHIUKYJIAPHAS K IPOBOXHUKY COCTABJISIOLLAS
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B, BexTopa MHAYKUWH BXOAMNA B JIaJOHb, a4 UEThIPE BLITAHY-
THIX Manblid yKashiBaau Obl HanpabjieHHe TOKa, TO OTOTHY-
el HAa 90° Goabluof nafden yKa)keT HalpaBleHHe CHJH,
HeMCTBYIOIEH €O CTOPOHBI 1ONsi Ha INPOBOJHHK C TOKOM
{puc. 111.4.9).

3°. B omsinuMe OT KYJOHOBCKHX CHJI, KOTOpLIE FBJSIOTCA
nenTpanpibiMu (111.1.2.3°), cuna Amnepa He ABJSETCS 1IEHT-
paibHofi. OHa HanpapJeHa NePHEHAUKYNSAPHO K JIHHHSM
MarHHTHOH MHAYKIMH.

Puc. 111.4.8 Puc. 111.4.9

4°. 3akon Amnepa MoOxer GHITb HCIONB30BaH AJIsI Onpeje-
JIeHHs1 MOAYJISi BEKTOpa MarHMTHOH HHAYKUWH. Moay./b BekTOpa
HHAYKUMH B JaHHOH TOYKE OIXHOPOAHOTO MarHHTHOTO NOJs pa-
BeH HauGosibliel cuie, KoTopas LeHCTBYeT Ha NOMeINEeHHH B
OKPECTHOCTH J2HHOH TOUKH HPOBOJHUK €NAMHUYHOR IVIMHEI, 1O
KOTOPOMY NPOTEKAET TOK B EMHHIY CHJLI TOKA (CM. TaKkKe
111.4.1.6°):

— AFMHKC
B="Tkr

3uauenne AF=AF,, . JOCTHraercsi mp#d YyCJIOBHH, YTO Npo-
BOJIHUK DAcCIOJIOXEH NEePNeHAUKYAAPHO K JHUHHAM HHIYKIUH
(111.4.1.7%).

4.3. MaruuTHOE noJie 3JAEKTPHUYECKOro TOKa

1°. DnexTpuyeckuii TOK, NPOTEKAOWIHA MO NPOBOJIHHKY,
C03JaeT B IPOCTPAHCTBE, OKPYHKAIOLIeM IIPOBOAHHK, MarHHTHOE
noje. Moaysab M HanpaBJieHHe BEKTOPA MarHUTHOH WHAYKHHH
B J1I060H TOUKe MArHUTHOTO MOJS 3aBUCAT: OT CHJIB TOKA B IIPO-
BOJHHKE, reOMeTpHyeckoif (popMbl IPOBOJHHKA, PACNOJNOXKEHH
JaHHOH TOYKH OTHOCHTEJBHO POBOJHUKA, a TaKxKe OT MarHuT-
HBIX CBOHCTB Cpejibl, B KOTOPOH HaXOAATCA NPOBOJHHK U TOUKA,
CyuiecTBEHHO, YTO MalHUTHOE NOJIe B JAHHOH TOYKe CO3JaeTcd
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OZHOBPEMEHHO BCEMH YYacTKaMy IPOBOAHHMKA, [0 KOTOPOMY
teser ToK. COIJIACHO MNPHHHANY CYNEPUOSHIHH  HOJeH
(I111.1.3.7°) BeKTOp MAarHUTHOM MHAYKUHH MOJSA B IPOU3BOJIb-
HOH €ro TOYKe paBeH reOMEeTpPHUYECKON CyMMe BEKTOPOB MarHuT-
HbIX MHAYKOHMH 10JIeHd, co3jaBaeMbiX BCEMH Y4YacTKaMH IIpo-
BOJMHUKA.

2°. Ecsiv HEeKOTOPBIH NTPOBOJHHK C TOKOM cuJibl / CO3/aeT B
BaKyyMe MarHHTHOE [OJI€, BEKTOP MarHUTHOR WHAYKUHH KOTO-
poro B jaHHO# TouKe paBeH By, TO B 0AHOPOAHOU H3OTPONHOH
cpene, 3anogHAWeHd BCe MPOCTPAHCTBO, e HMEETCsl MarHuT-
HOE 1loJIe, B 3TOH Ke TOuKe OYyAeT CO3/aBaTbCsi MarHHTHOE
noje ¢ uHAyKuued B:

B = MB(M

TAE [ — OMHOCUMEAbHAS MASHUMHASL Nporuyaemocms cpedor.
B n1060ii cpefie u==1 1 nokasbiBaer, BO CKOJIbKO pa3 MpH 3aJaH-
HBIX TOKax, CO3JaIOLHUX MarHHTHOe HOJe, MAarHHTHas HMHAYK-
UMs B DacCMATPHBAEMOH TOUKE OZHOPOLHON H3OTPOINHOH CPEeibl,

Puc. 111.4.10 Puc. 111.4.11

3anoJHsawoiLell Bee noqe, Gosbiue (HIH MEHbIlE), YeM B BaKyyMe
(111.6.2.1°).

3°. Hanpasnenne BexkTopa MarHHTHOH WHAYKLIMH MOJS,
CO3/JdHHOTO MNPOBOLHHKOM C TOKOM, OMNDeNSNfeTcs Apasuaoi
6ypasuuka (npasuro npasoeo surma) (cp. 111.4.1.4°): ecnn
nBUXKeHHe ocTpusi OypaBuHKa ¢ NpaBod pe3nBoH coBHasaer c
HalpaB/eHUEM TOKA B IIPOBOJHHKE, TO HamnpaBJjeHHe BEKTOpa
MArHATHOH HMHJAYKIMM COBNAJaeT C Hampas/eHHeM BpaileHusi
pykosirku GypaBuuka (puc. 111.4.10).

4°, BecbMa AJMHHBI NPAMOJNUHEHHBIA nposojHuk (Bec-
KOHEYHBI [TPOBOJHUK *)) ¢ ToxoM [ co3aaer BAAHHON cpeie Ha

*) TlpakTuyeckd TNPAMOJHHEHHLIE NPOBOAHUK CUHTACTCH OeCKO-
HEYHO IJUHHBIM, €C/JH MOXHO CYMTaTh, YTO PACCTOSIHHE OT €0 KOHIOB
5O TOYKI, TAE OTBICKHBACTCH MHAYKLUMA MArHHTIOrO IO/, MIOTO 60/b-
e, 4eMm R.
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paccroanuy R OT NPOBOAHUKA MaTHKTHOE noJie ¢ MuayKuyel B,
N0 MOAYJMO pPaBHOH
!
B = p'OM 2aR’

rae / — cua TOKa B NPOBOJHMKE, Wy — MarluTHAg NOCTOSH-
vag B CH (VII.5.3°), n — orHocuTenbHAsi MarHHTHas npo-
HILAeMoCTh cpegpl (m, 2°).

Ha puc. 111.4.11 uzo6parkeHbt MHHE MarHUTHOR HRAYKUHMA
TAKOro HOJs H Hampas/eHust BeKTopoB By u B, B pasnuyHbiX

Puc. I11.4.12 Pre. 111.4.13

TOYKaxX mnoJs. JiuHuu MarHuTHOH HINYKUUU [1DEACTABJAIOT
cO60M KOHHEHTPHHEeCKIie OKPYIKHOCTH B IJIOCKOCTAX, nepned-
LUKYJSPHBIX K [POBOAHHKY C TOKOM.

5°. TIposoannx B Hopme KPyroBoro BUTKa ¢ paguycom R,
110 KOTOPOMY I[IPOTeKAST TOK CUABI /, CO3JaeT MarHuTHOE [oJe,
MarHuTHasi HHAYKLUHA KOTOPOrO B LEHTPE BHTKA 1O MOAYJIO
paBHa

1
B=phgp,

rae [, — MarHutHas noctosiHHas B CH, p — oTHOcHT2/IBHAS
MarguTHas [poHuuaeMoctb cpenwi (. 2°). Ha puc. 111.4.12
NOKA3AHO PACOONOXKEHHe JIMHHUH MardHdtTHOH HHAYKUUHL W
HanpapJaeHue BexTopoB B, u B, B passuudblX TOYKax nofadA B
CEYeHHY, NePHeHIHKY/ISPHOM BUTKY. JI1000H 3aMKHYTHIH mpo-
BOAHHK C TOKOM (KOHTYpP C TOKOM) CO3JaeT MarHuTHoe fIoJe,
MaruuTHas HHAyKu4¥s B Koroporo npsmo NponopuuoHaNbHa
MarduTHOMY MOMEHTY P, KOHTYpa ¢ TokoM (I11.4.1.4%) u oruo-
CHUTETLHOH MATHMTHOH TNPOHHUAEMOCTH Cpenbl.
3asucumoctb B oT reoMerpHueckoil (hOpMBI KOHTYpa M pac-
CTOAHHS OT HEero A0 TOYKH, T/e OTHLICKMBAETCH HHAYKUUS Mar-
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HHTHOTO 10/is, B O0lieM CJiyyae HMeeT CJIOXKHBIH XapakTep H
B sJeMeHTapHOH (usnKe He paccMmarpuBaeTcd.

6°. TIpocTeliluNM OIHOCTOHHBIM COseHoudom *) HasbiBaeTcs
IHMHIpHYecKas KaTyllKa, cocTosinas 13 GOJAbIIOrc uucna
BHTKOB NPOBOJOKH, KOTOPHeE 06pasyloT BHHTOBYIO JIMHKIO
(puc. 111.4.13). Ecau nauna conernouna >R, rae R — pajuyc
BUTK&, TO COJIEHOM] HMeeT MarHHTHOe ToJe, naobpaxkeHnoe Ha
puc. 111.4.13. BuyTpn cosieHonza BAaiy OT €r0 KOHLOB NOJE
apasgercs oaHoponueM (111.4.1.5°). MarnutHOe moJge BHe

I I
1 /”-_-‘~"\ 1
] B e ~ 1 é \ ‘
1 , ——_— ~ ] r
\\\\l\' L= A f
ez AN\ SR ~
NI =N ==
{ A
i ST ! a 5
Puc. 111.4.14 Pne. [11.4.15

CONMEHOK/A TONOOHO MATHMTHOMY IIOJIO TIOJIOCOBOTO TOCTOSIH-
Horo Maruuta (111.6.5.6%) (puc. 111.4.14). Konen xatymwku, u3
KOTOPOr'O BHIXOIAT JIMHUM HHAYKLMH, aHAJOTHUEH CEBEPHOMY
nomocy N MarHuta. JIpyroii KoHel KaTyWKH, B KOTOPHIfi AH-
HUH MHAYKIHH BXOJSAT, aHAJOTHYEH I0XKHOMY MAarHuTHOMY
nosocy. Pacnosioxkenye nosiocoB B KaTyIlKe CONEHOHAA onpe-
JleNIgeTcs 10 M3BECTHOMY HanpaBJeHHIO TOKa B BHTKAaX C NO-
Molbio NpaBusa 6ypaBurka. Ecau Bpamatbh pyKoatky Gypas-
uUpKa ¢ npapofi pe3pfofl MO TOKY, TO ABMKEHHME €r0 OCTpHS
yKaXeT HanpabJieHHe JUHHI HEAYKIHUNA MarHATHOrO noas (cp.
n. 3°). CeBepHBIM MNOJIOCOM COJMEHOHIA OyLET TOT KOHEll Ka-
TYIIKH, Ha KOTODBIH NOJIKEH CMOTpeTh Habaojaresb, uTOGHE
TOK B BHTKaX IpOTeKad NPOTHB 4YacoBoH crpesiku. [Iporuso-
IOJIO2KHBIH KOHEIL COJIEHOMAA COOTBETCTBYET FOXKHOMY IIOJIOCY
(puc. 111.4.15).

7°. Jlast 1oCTaTouyHO ARHHHOTO coseHouza (nm. 6°) ¢ uucaoM
BUTKOB N 1 nauHOH | MHAYKIUS MarHHUTHOTO IOASl B TOYKaX
€ro OCH, JOCTATOUHC YJAJEHHLIX OT KOHIOB COJEHCHJA.

B=pgunl,

rie I — cujia Toxa, npoTeKalouero no BUTKy, n= N/l — uucno

*) OT rpeueckoro cjoBa «COJIEHOHIECY — TPYGOOOGPasHBIi.
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BUTKOB Ha €JUHHILY AJHHBL coseHoupaa. OcTajbHble 0003Haue-
HufA yKasanel B nm. 4° u 5°

ConeHoui, BHYTPb KOTOPOro mnomemleH ¢eppoMarHuTHEINA
crepxenp (111.6.5.1°), HaseiBaercsa aieKmpomazHumon.

3anaua 1. Yemy paBHa HMHAYKUMA MACHHTHOLO MO B
HeHTpe KpyroBoro BuTKa pajuycom 0,1 M, ecan MarHUTHLIA
MomeHT BuTtKa 0,2 A -M*?

Hano: R=0,1 M, pn=0,2 A-M2

Hadmu: B.

Pewenue: VIHAYKUMA MarHATHOTO 1I0JISL B LIEHTPE KPYTOBOTO

1
ToKa B= ppogp, TAE Wo—— MarHUTHAas NOCTOAHHAA B CH,
po=1,26-10"° I'n/m.
MarsuTHplit MOMEHT BHTKA C TOKOM p,=IS=InR? oT1-

. Pm
coaa I—m.

Torna
szu(,?fi—’;ﬁ,
B=1-1,26-10"% - s 22 T~ 4.10~% Ta.

‘9.3, 14. 108

3anaua 2. Ilpu cunte toka 0,5 A MHAYKUHS MarHUTHOI'O
[OJist Ha OCH JOCTAaTOYHO JJIMHHOro coJiegouza 3,15-107% Ta.
Onpenenuth AUaMeTp MPOBOJA, U3 KOTOPOrO H3rOTOBJIEHA OJIHO-
caoiiHass 0OMOTKa cojleHoHa. BHTKH O6MOTKH IJIOTHO npuJe-
raior apyr K Apyry. ConeHoug 6e3 cepicuHHKA.

Hano: B=3,15-10"% Ta, I=0,5 A, p=1, pe=1,26
x 107% Tu/Mm.

Haitimu: d.

Peweriue: VIHAYKUHA MarHuTHOTO NOJST HA OCH AJHHHOIO
cojleHouza B=ppenl, rie # — YHCIO BHTKOB HAa €IMHHLY
JUIMHBL.

Ecan BUTKM N/IOTHO mpuJeraor apyr x apyry, to d=1/n,
HJIH

! 1-1,26-10-%.0,5
d= B’ d= 3,15.10-3

M=0,2.-10"3 .

4.4. BaaumopeiicTsne napamienbHbiX TOKOB

1°. Mexay MByMS NapajjieibHO PACTIONOKEHHBIMU GEeCKo-
HE4HO JyinHHBIMK npoBoaHuKkamy (111.4.3.4°), no koropsim npo-
TEKAT NOCTOSHHBIE TOKH, BOZHHKAET CHJA B3aHMOLEHCTBUA.
I1poBoaniKy ¢ OAMHAKOBO HANpPABIEHHLIMH TOKAaMH HPHTSATH-
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BAlOTCH, C NPOTHBONOJNOKHO HATIPABIEHHBIMH TOKAMH — OTTaJ-
guBatoTcsl. Takoe B3auMOLeHCTBYE NTPOBOJHNHKOB C napasenb-
HBIMH FOKaMmu OGbsicHseTcs: npasuiaom nepoit pyku (111.4.2.2°).
Ecai npOBOAHHK C TOKOM CHJIBL /5 HAXOJUTCS B MATHHTHOM NOJIE
¢ uuayxkuueft B,, coanannoMm npy-
‘ I'MM TIPOBOJIHHKOM C TOKOM CHJIbI
J/T B, TIE 11, 10 cuna Amnepa F nanpaeJena
TaK, KaK [0Ka3aHo Ha puc,
111.4.16.

C 2°, Mexay ABYMs yyacTKaMH
eVHNYHOR AJUHB! NapasilelbHblX
GeCKOHeYHBIX TNPOBOLHUKOB, pac-
NOJIOXKEHHBIX Ha paccrosuny R
IPYT OT APYTa, 1O KOTOPHIM TEKYT
Puc. 111.4.16 TOKM cuanl Iy u [, *), BO3HMKaer
NPUTSAXKEHHE (OTTANKUBaHKUE) NPH
OMMHAKOBHIX (NPOTHBONOJNOXKHBLIX) HanpaBleHHsAX ToxoB. Mo-

AYJb CUJIbl B3aumopelicrusi F pasen

111
F=pop 575,

Fj€ Mg — MareuTHasa nocrosigHas B CH (VIL.5.3%), p — or-
HOCHTE/IbHAs MarHUTHasi NPOHHIIAEMOCTb CPElbl, B KOTOPOH
HaxoaaTcs nposoauuku ¢ Tokamu (111.4.3.2°).

4.5, ieicTBUE MarHUTHOTO Hoas
Ha ABMKymuics 3apaa. Cuaa Jlopenna

1°. Ha snexrpuueckuii 3apsj, ABHKYUIUACA B MATHHTHOM
nosie, nefictByer cuaa Jloperya, MOAYJb KOTOPO# paBeH

Fp=quBsino=qv, B,

rie g — abcoMoTHOR 3HayeHWe IBHXKymleroca sapsiaa (g0
JJISL IONIOIKUTENBHOTO 3apana, <0 Ais OTpUHATeNAbHOrO), U —
CKOPOCTh 3apsifa, B — MOAY/Jb WHAYKUMH MarHHTHOTO 10J9,
a — yroa Mexay BektopamH B u v (puc. 111.4.17). Moayan
cuaibl JIopeHna onpeaensercs COCTaB/slomell CKOpPOCTH, nep-
neBAMKYJAApHOR K Bektopy B, v, =vsin a. Hanpasaenue
cuJibl JIopeHna, JeHCTBYIONLEH Ha [IOJOXKNTENbHBH 3apsia, onpe-
jiensiercst mo npapuay Jepoll pykn (111.4.2.2°). Ha orpuua-

*) Caepyer NOMHHUTb, 4Y1¢ 3a HanpapjenHe TOKA npHHHMaeTcH
HalpaBjelue, B KOTOPOM  ABHXKYTCA  NOJOKHTENbHLIC  3apslnl
(111.2.1.2°).
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TeJAbHBIH 3ap A, ABHKYMHUHCS ¢ TAKOH K& CKOPOCTHIO H B TAKOM
»Ke MarHuTHOM noJjie, cuia JlopeHua jeficTByeT B npOTHBOIO-
JIOXKHOM HampaBaeHUH.

Cuna Jlopesna no3zoaseT BBECTH NOHATHE BEKTOPA MarHut-
HOl uuaykiiy (cv. taxxke I11.4.1.6° 1 111.4.2.4%): monyas Bex-
TOpa MArHUTHO MHAYKUMHA B JAHHOH TOYKE MarHATHOIO NOJS
paBseH HauGo/biIel JOPEeHUeBOH CHe Fj yax., AelicTBYIOmWEH HA
€MHHYHBIH TOIOKHTEABHEIN 3aPs/, KOTOPHIA ABUKETCA C efi-
HHYHO! CKOPOCTBIO:

B = Fn MaKc’
qu

Fn=Fp ya UPY YCJOBHH, UTO 0.=I1t/2 paiuaH.

Puc. 111.4.17 Prc. 111.4.18

2°. B 04AHOPOJHOM MAIHHTHOM [0OJe, BEKTOp HHAYKIHH
KOTOPOTO TICPHeHIMKYAAPEH K HAnpaBieHUIo CKOPOCTH 3apf-
KEHHOH YacTHubl, cuaa JIopeHa HCKPHB/IAET TPACKTOPHIO ABH-
weina. YacTnna ABHaKeTCst M0 OKPYMKHOCTH MOCTOSTHHOTO pa-
Jgyca R B 1JIOCKOCTH, NepneHIuKyJspHOH K Bektopy B:

m v

=75
Ti€ M — Macca yacTHibl, § — aBCoMOTHOE 3HAueHHE ee 3a-
psida, U -— CKOPOCTb 4YacTHubl, B — HHAYKUHST MACHHTHOTO
no/A. 3aK 3apsaia YacTHIbl ONpPeAesasieT HanpaBJeHHe ee OT-
KJOHCHHS B MArHUTHOM [OJ€, JHHHH HHAYKUUH KOTOPOro
NEPMEUANKYIADPHLL K MJIOCKOCTH ueprexa (puc. I11.4.18).
Cuia JlopeHua sigjisieTcs B 3TOM C/1yyae HEHTPOCTPeMHTENbHOM
cwioit (1.2.4.5°) u He coBepiiaer paGoThl NPH JABUKEHHH 4Ya-
CTUUL! 110 OKPYKHOCTH.

3°. Bpema T nsrokeHus 3apsKeHHOH YacTHIBI MO BCeil OK-
PyxHOCTH (nepHoj oOpaileHHs])) B OXHOPOIHOM MAaCHHTHOM
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nonae

(Bce oGosHauenns ykasauml B m. 2°.) Bpems T He 3aBHCHT OT
pajuyca OKpPY:KHOCTH H He 3aBHCHT OT CKOPOCTH YacCTHIH! (TIpH
CKOPOCTH YaCTHIH VL(C, IAe ¢ — CKOPOCTb CBETa B BaKyyMe,
KOIZia He CKas3biBaeTcsl 3aBHCHMOCTb MacChl OT CKOPOCTH
(V.4.10.3°). 210 nosnokeHO B OCHOBY pPabOTHl LHK/JIHYECKOTO
YCKOPHTEN 3apsKeHHbIX acTull — nukAoTpona (V1.4.16.5°%).

4°, Ha sapan, ABuKymMHCA OXHOBPEMEHHO B 3JIEKTpHue-
CKOM M MarHUTHOM NoJsX, AEHCTBYeT cusa, KOTopas Ha3blBa-
ercst Takxke cuioil Jlopesua (o6obuennas cura Jloperya).
Ee Monynb pasen

Fq=¢gE+quBsina,

rae E — Mopys b BekTOpa HamnpsKEHHOCTH SJEKTPHUECKOro
nona (I111.1.3.3°). Hanpasnenue o6obuennoi cunst Jlopenua,
110 npaBusy caoxenus cui (1.2.2.6°), saBUCHT OT TOro, B KAKOM
HanpapJeHnd AeHCTBYIOT 00e cuibl, BXojsilie B 0G0GUIEHHYIO
cml; Jlopenua.
afava 1. a-yacTuna, uMmetomas cxkopoctb 10° m/c, Bae-

Tela B ONHOPOJHOE MATHHWTHOE TNOJNe, HHAYKIHS KOTOPOTro
0,3 Tan. CkopocTh 4acTHMIB! NEpPNEHAHKYJApHA K Harnpasle-
HUIO JINHUH HHAYKIMY MareuTHOrO nosist. Haiitn paanyc okpyx-
HOCTH, 10 KOTOPO#l GyjAeT ABHraTbCA YacTHla, M nepHoxn obpa-
IEHNUS.

Hano: v=10% wm/c, B=0,3 Ta, a=90°, ¢=2¢=3,2X
x 1072 Ka, m=6,64-10"?7 xr.

Hatimu: r, T.

Pewerue: B marnuTHOM nose Ha ABHKYWMiACA 3apap xefi-
cTByer cuia Jlopenua. Tak kak v B, To 31a cuna 6yzer nesrpo-

2
crpemutenvHot: Fp=F,, qu=g, OTCICAA PajMycC OKPyXK-
HOCTH
T v 6,64.10-27 108

g B TT 35101 0,3
Ilepuon obpamenus

MAT7-1072 M,

9 . .7.10-2
P 2 3,1;102 10

- c~4.1077 ¢,

3anaua 2. [lapanienbHo AAHHHOMY NPSAMOIHHEHHOMY 11po-
BOJHHUKY C TOKOM Ha pacCTOSTHHH 2 MM OT HETO ABHXKETCS 3J/IeKT-
poH co ckopocthio 107 mM/c. C xakoit cujioll 6yneT neldcTBOBaTh
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MarEHNTHOE MOJIe TOKA Ha 3JCKTPCH, ey 110 NPOBOLHUKY Teuer
Tox 10 A?

Hano: v=10" wm/c, I=10A, e=1,6-10"1* Kn, d=2%
¥ 107% ™, p=I, uy=1,26-10"° I'u/m, a=90°.

Hadmu: Fy.

Pewernue: Monyab cuabl JlopeHua, neficTBYOLEH Ha 3/1€KT-
POH, ABHXYIUMICA B MarHgrHoe noje, Fy=euB sina.

MHaykuus MarduTHOrO MNoOJs NPAMOro Toka B=py, 'f:{—d

Torna
1
F)'{ —’_—EU}LMO m,
Fy=1,6-10"1%.107.1,26.10~° 10

‘g3 Tago-s H =107 H.

3ajada 3. Hallti KuHeTHUECKYIO SHEPTHIO 3/eKTPOHA, ABU-
KYILIErocs 10 Ayre OKPY:KHOCTH pajuyca 8 cM B OAHOPOAHOM
MarHHTHOM Ilosie, HHAYKWHs KoToporo pasHa 0,2 Ta. Hanpas-
JieHve MHAYKUHH MArHUTHOTO NOJISl [epPNeHAHKYASAPHO K IIIO-
CKOCTH OKDYIKHOCTH. ‘

Hano: r=8 ecm=8-10"2 M, B=0,2 Ta, m=9,1-1073% kr,
e=1,6-10"1 Ku.

Hatimu: &.

Pewieriue: KuneTnueckasi sHEPrusi 3JeKTPoHA & =mu¥/2.
B MarHutHoM nose Ha 3JEKTPOH AeHcTBYeT cuia JlopeHua.
Monyab ee Fp=evB, Tak Kak v B; F; sBaserca uesrpocTpe-

2
MUTENbHOH CHJION: evB = ﬁlrv— Orciona cKopocTb vz%Br.
Torna
e2B%r? _(1,6-10"19)2.10-%.22.82.10-% —
=0 €= 2.9,1.10-21 Hox ~ 4 nllx.

3anaqa 4. IIyyok onHO3apsAHBIX HOHOB HEOHAa, IPOHAA B
SJIEKTPHYECKOM TM0JIE YCKOPAIOUYIO pPa3HOCTh HOTEHUHAIOB
10 kB, BJsieTaer B 0OAHOPOAHOE MAaTHUTHOE [10OJIe NIePIeH UKy AsIp-
HO K JIMHHUSIM MarsuTHOM MHAYKUHMH. B MarHUTHOM moJie HOHbI
JBHXKYTCA N0 OBYM AyraM OKPYXKHOCTEH, pajHychl KOTOpHIX
14,5 cm u 15,3 cm. Hafitu MaccoBbie umcia M30TONOB HEOHA
(V1.4.1.2°). .

Hano: ¢;—@,=10 kB, B=0,14 Ta, rn=14,6 o™, r,=
=15,3 c™, | a.e.M.=1,66-10"27 kr, ¢g=1,6-10"* K.

Hadmu: M;, M,.

Pewenue: Knuneruueckast sHeprus, npuodpereHHas HOHOM
B YCKOPSIOWEM 3JEKTPHUECKOM N0JIe C Pa3HOCTBIO MOTEHLHATOB
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m?

$1— 3, PaBHA —3 =q(9;—9,), OTKyAa
m =2‘7 (‘P:};"‘pﬂ). (l)

my?
Mo ycnoewio sanaun Fp=F,, 1. e. gquB=-——; oIciona

¢@B? r*B%g
v*=21"— Tloacraeasis B (1), nonyyaem m = z——->—,
m? A M, y 2 (p1—@9)

MaccoBble yncna M30TONOB, BHPaXKEHHbIE B ATOMHBIX €1H-
HALax Maccsl (a. e. m.) (VIL.7.1°), Gynyr

0,146%.0,142.1,6-10—2®

M= 9.108.1,66-10- %7 =20,
0,1532.0,142.1,6-10~3¢
M, = 2.10%.1,66-10~27 =22.

4.6, YaensHblH 3apaj 4acTHi]
1°, ¥YOeavHboim 30padom yacTHIIB Ha3bIBACTCA OTHOLIEHHE ee
3apsjia g K macce m, T. €. 7%. OnpezeneHne yAeabHOroO 3apsjia

OCHOBAHO Ha OTKJIOHEHHH 2apsi’KEHHBIX YaCTHIL B MAarHuTHOM H
3JIEKTPUUECKOM N0siX. [Las1 n3Mepenns ¢/m HeoGX0AHMO 3HATD
CKOPOCTb YACTHIB U ¥ PaJNnyC ee TPaeKTopHH R B MarHUTHOM
none (I111.4.5.2°). CxopocTs U CO31aeTCAd  SAEKTPHUCCKUM
NOJEM ¢ H3BECTHOH PA3HOCTHIO IIOTEHNUAJIO0B M Onpeiensercs
no ¢opmyae, npusegernoi B 111.1.8.5°, Panuye R onpenens-
€TCA 3KCIEPUMEHTAbHO. Y ASJADBHHIE 3apsiibl JEKTPOHa ¥
nporoHa cM. B (VIL.§).

2°, Jlna onpeneneHusl yae/dbHBIX 3apsJIOB H MAcC MOJOXKH-
TeJLHBIX HOHOB HCNOJb3YeTcst COBMECTHOe AelicTBue Ha 4a-
CTHIBI 3JIEKTPHYECKOro ¥ MarHurtHoro noseft. Ilpuboper, ¢ no-
MOILBIO KOTOPBIX MPOH3BOAATCS TOUHbIE H3MEPEHHSA OTHCCHTE/ b=
HeIX aToMHbIX Mace (VI1.4.3°) H30TONOB XUMHUYECKUX 3JIEMEH-
toB (VI1.4.1.2°), HaswiBalOTCS Macc-chekmpoepagamu Il macc-
cnexmporempamu. B 3THX npuGopax wacTHUBI DPazieAsiiorcs
0 MaccaM B COOTBETCTBHH CO CHEKmpOM MQCC — COBOKYIHO-
CTBIO 3HaYeHHH Macc AaHHBIX vactull. [IpuHuun peficTBus Beex
9THX VCTPOHCTB COCTOUT B TOM, UTOOBI BCE YACTUUEL C Ompeje-
JICHHBIM 3HAu€HHEeM yJIeTbHOro 3apsiia ¢/m;, HE3aBHCHMO OT X
CKOpOCTeH, ObH 6bl CPOKYCHPOBAHK M OTACJEHE! OT YacTHI{ ¢
LADYTHMH SHAUEHHAMM ¢/M,, ¢/ms W T. A. ITO LOCTHraeTcs
OTKJIOHEHHSIMM B HajjexalyM o6pa3oM NOAOOGPAHHEIX 3JIEKT-
PHYECKHX U MarHUTHHIX TOAfAX.
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F'aasa §
SJIEKTPOMATHHTHAA HHAYKLUUA

5.1. Sipnenyne M 3aKOH 3JEKTPOMArHHTHOH HWHAYKUHM

1°. Ecau npoBOASLIME KOHTYpP HAaXOAHTCA B T€PEMEHHOM
varnuriom noje (111.4.1.1°), To B KQHTYpe BOBHYKaeT MHAy-
nnpoBanHoe snekrpuyeckoe nose (111.5.3.1°), xapakrepucry-
KOH KOTOPOTO fABASETCS 3J€KTPOABHXKYLlAs CHJa MHAYKLIHH.
B npoBOAsieM 3aMKHYTOM KOHTYpPE BO3HHKAET B 3THX YCJIOBH-
AX JEKTPUYECKHUN TOK, Ha3HBaeMbIH UHOYKYUOHHBIM MOKOM,
a Ble fBJIEHHE HAa3bIBACTCS IACKMPOMASHUMHOL UROyKyued.

SIBnenve 3M€KTPOMAarHUTHOH HHAYKUHM OBLIO OGHAPYKEHO
dapajeeM ONBITHBIM TTyTeM. 3 OCHOBe onvimos Papades ne-
¥anla ujest 0 TeCHOH B3aMMOCBA3H 37EKTPHUECKUX H MAarHut-
HHIX siBdeHuil. Ecay BOKpPYr IPOBOAHHKOB C TOKAaMM BO3HU-
Ka€T MarHWTHOE ToJe, TO JOJ/IKHO CYLIECTBOBaTb M 0OpaTHOE
ABJIEHNE — BO3HHKHOBEHHE 3JIEKTPHUECKOTO TOKA B 3aMKHYTOM
1IPOBOARMKE TI0J| A€fCTBHEM MATHUTHOTO 1ojisa. CepHell CrEITOB
dapaznelt nokasaj, 4TO B 3aMKHYTBHIX NPOBOASIIHX KOHTYpaX,
HaXOHsILIMXCS B MEPEMEHHOM MAarHUTHOM TioJe, BO3HMKaer
SMEKTPUUECKUH WHAYKIUOHUBI TOK HE3aBHCHUMO OT TOTO,
KaKk JIOCTHFaeTcs W3MEHEeHHe BO BPEMEeHH MarHHTHOTO NOTOKA
(111.4.1.8°) cKBO3B [JIOLIAb [IOBEPXHOCTH, OrpaHHYeHHOH
RKOUTYPOM. MarHUTHBII [OTOK, TNPOHM3BIBAKOWIMA 1JIOMAlb
[OBEPXHOCTH KOHTYPa, MOXKET H3MEHATbCS C TeyeHHeM Bpe-
MeHH GJjarojapsl AepopManpu HJAH IepPeMeleHHIo KOHTYpa BO
BHeIUHeM MaTHUTHOM T0Jle, a TakKKe JIOTOMY, 4TO MHAYKIHA .
M@THHTHOrO TOJSl MOXeT ObiTh NEPeMEHHOMH.

2°. Baron snexmpomaerumuotl undyxyuu Dapades: 3. j. .
3/1eKTPOMArHHTHOH HHAYKUHH &; B KOHTYPE UMC/IEHHO PABHA W
NPOTHROIIONOXKHA N0 3HAKY CKOPOCTH H3MEHEHHs MarHuTHOrQ
nOTOXa CKBO3b IMJOHmAJb NOBEPXHOCTH, OTPAHHYEHHOH 3THM
KOHTYPOM:

AD
&=—"%-

Crna M¥AyKUHOHHOrO Toka /; B 3aMKHYTOM NPOBOJALLEM
KOHType ¢ conporuBaednem R (111.2.4.1°)

I,

{

&
~ &

& CUNTAeTCs NOJNOKHUTENbHON, €CTM MAarHUTHHI MOMEHT Pr
(111.4.1.4°) coorBercTBYIOmEro el MHAYKUMOHHOIO TOKa I; B
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KouType o6pasyeT OCTphfl yroa ¢ JIHHHUSAMM MarHUTHOH HH-
JYKUHHA TOrO I0JIs, KoTopoe HaBoAuT aToT Tox. Ha puc. I11.5.1
n3006paxeHbl ¢Iy4ad NOJOKUTENbHOM (@) ¥ OTPULATENbHOM
6) &;.

Ecin 3aMKHYTBIH KOHTYDP COCTOHT 3 N HOC/NEA0BATENIbHO
COeMHEHHBLIX BUTKOB (Hanpumep, B conenoupe (I11.4.3.6%),

éi>ﬂ éi<0
fW
e%%_”& i I
i ¥
Py Ry 5
a 5 a I3
Puc. 1I1.5.1 Puc. 111.5.2

T0 &, onpejienisieTcss H3MEHeHHeM B €IUHHIY BPEMEHH MAarHuT-
HOPO [10TOKAa CKBO3b NOBEPXHOCTH, OFPAHHYEHHBIE BCEMH BHT-
KaMH.

Konunuectso anekTpuuectsa Ag, KOTOPOE NPOTEKAET B KOH-
Type ¢ CONMpPOTHBJIEHHEM R npH ABJICHUH 3JEKTPOMArHHTHOH
HHAYKLHUH, A0

Aq = ———R—.
3°. 3HaK MHHYC B 3aKOHE 3. J. C. MHAYKUUH BBIPAxKaeT
npaguao Jlenyq: MHAYKUMOHHBIH TOK B 3aMKHYTOM KOHTYpe
¥MeeT BCErja TaKoe Harpab/eHHe, yToOBl MarHHTHBIH IOTOK
10Jisl, CO3LAHHOTO 3THM TOKOM, CKBO3b NOBEPXHOCTb, OIDAHH-
YeHHYIO KOHTYDOM, yMeHblla/ 6bl T€ H3MEHEHHU sl N0, KOTOpble
BbI3Ba/H MOsIBJIEHHE WMHAYKLHOHHOro toka. Ha puc. 111.5.2
yKasaHbl No npaBuay JieHIa HanpaB/€HHsI HHAYKIHMOHHBIX
TOKOB B KaTyliKe, BEI3BAHHLIX IepeMellleHHeM TOJ0COBOro
MarHuTa.

5.2. 3. A. C. HHAYKUHH B ABMXKYIRMXCH MPOBOAHMKAX

1°. TIpu 1BHXKEHHH OTpPe3Ka MNPOBOAHHKA JJHHOH [ co
ckopoctpio v B craupoHapHoM (111.4.1.1°) oaHoponHOM
(111.4.1.5°) MaruuTHOM noJe 3. . C. 3ACKTPOMArHUTHOU HHAYK-
IHH B TiPOBOJHUKE pAaBHA

& ,=Blvsina=Blv,,
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rae B — MOAy/nb BeKTOpa MarHHTHOM HHAYKLUM, O — Yroa
MeXAYy Bekropamu v ¥ B. M3 dopmysn Buzno, yTO &; npo-
NOPUMOHAJIbHA COCTABJ/AIONIEN BEKTOpAa CKOPOCTH, HepIeH-
JVKYJAAPHOH X poJo: V) =vsina,

Ilpn nBH:KEHHM TNPOBOAHWKAZ B MATHHTHOM [OJl€é Ha €ro
NOJIOKUTEJbELIE M OTPHIaTe/IbHbIE 3apsifibl AEHCTBYET CHila
Jlopenna. Ilog apefictBneM cuapt JlopeHlla B npOBOAHHKE MPO-
UCXOANT pasjieieHuie 3apslioB: NOJMOXKH-
Te/IbHbIE H OTpHLATE/IbHEIE 3apsjbl Ha-
KanJuBalOTCsl Ha INPOTHBOMOJIOXKHBIX
KOHIaxX npopopsuKa (puc. 111.5.3). 2ru

s

3apsibl CO3/A0T BHYTPH OTpe3Ka mpo- B| | 4&
BOAHHKA KyJioHoBckoe nose (I11.1.3.1°).  p E
Tlepemeluenne 3apsoB NOA AGHCTBHEM é 1
cunpl JlopeHna 6yAeT NPOHCXOXUTH J0

TeX Nop, MOKa CMaAa, JelCcTByinas Ha

3apsil B KYJOHOBCKOM IOJie, HE ypaB- /*/” ‘|
HoBecHT cuay Jlopenuna Fp=¢Bu m s H ‘
(I11.4.5.1°), i

3. 1. ¢. ”HAYKUHK B OTPE3KE NPOBOj- Prc. 111.5.3

HuKa sieasieTcs paboTol 1o mnepemelie-
HHIO €AHHWYHOTrO TOJIOXKHTEIbHOTO 3apAfia BAOJb IIPOBOAHHKA,
2°. JleficTEHE JIOPEHILIEBLIX CHJI Ha 3aPAALl NPOBOAHMKA aHa-
JIOTHYHO JEHCTBHIO HEKOTOPOTO 3JAEKTPHYECKOTO 11015, HANpas-
JIEHHOTO TPOTHBONOJOXKHO KYJAOHOBCKOMY TOJIO. JTO IOJE
CO3J1a€TCSl He KYJOHOBCKHMHM CHJIaMH, a CHJIaMHM MarHUTHOTO
npoucxoXxaenus — cujaamu Jlopenna. Ilostomy saexkTpuye-
CKO€ TI0oJIe, XapaKTEePHUCTUKOH KOTOpOro aBjadercss 3. A. C.
HHJYKIUY, SBASETCS CTOPOHHHM 3JEKTPHUECKNM  MOJeM
(111.2.2.4°%). Tlo onpexnesennio MOZYJIb HaNpsKEHHOCTH 3TOTOQ
CTOpOHHero 3JjekTpuueckoro noas (I111.2.2.4°%)

Eet = %Jl = BU_L,

rie Fa=qBv; — Moayab cuaw Jlopenua.

3°. HanpapneHue HanpsKEHHOCTH CTODOHHErO 3JI€KTPH-
HeCKOr0 NOJIA 3J€KTPOMATHUTHON HHAYKIHH B NPSMOANHENHOM
NPOBOJIHIIKE, ABUXKYILEMCsI B MArHHTHOM MOJ€, ONpeie/IseTcs
npasuaosm npaeod pyxu: ecny JAajoHb NPaBOH PYKH PAacmnodo-
XKHUTb Tak, YTOOLl BEKTOP MarHMTHOH MHAYKODUM B BXopua B
JaJ0Hb, a OTCTaBJeHHBIM Ha 90° GoJbLIOH majel COBRajal ¢
HanpaBlennem NMeprneHAnKyAsPHOR K DPOBOAHHKY COCTABJAN-
el ero CKOPOCTH, TO BHITSHYTHIE UeThipe naiblla YKamKyT
HallpaBJieHHEe HAaNpsKEHHOCTH CTOPOHHETO SJAEKTPHUECKOrQ
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noJs 3MeKTPOMATHUTHOH HHAYKUWM, BO3HUKAIOMWErO B Npo-
oauuke {puc. 111.5.4).

4°. B nsioCcKOH npsiMOYroJbHOH panke, KOTopas Bpauia-
ercd B OJHOPOAHOM MAardHTHOM 0S¢ ¢ YIIOBOH CKOPOCTbIO
@ (I.1.9.4°) tax, uro ocb BpameHus JeiKHuT B IJIOCKOCTH  PAMKH
H MepUueHIuKYJ/ApHA K BeKTOpy B
MArHUTHON HHAYKLUHH BHELIero
NOMs, 3. 4. C. 3JIeKTPOMATHHTHO
HHAYKIUH DABHA

&= BSw sinwt,

rie S — mIowanb panil.

3apaua 1, Camoser iiveer pas-
Max Kpeiiben 15, Foprzonradis-
Has ckopocTh 830 k4. Omnpese-
MHTh PASHOCTE NOTEHUMAICE, BO3-
HHKAWMYIO  MEemIy
KDLLILEE. BopTHRAIBHAR  COCTAaR
AAIOWAS  HHAVKININ  MarhirHoro nots 3esan 50 axrTo,

Hano: 1=15 y, =830 wu'u=230 v'c, B=50 mxTa=
=3,0-107% Ta.

Hatmu: {¢;—¢2).

Peeriue: TIpn IRIKEHUY TPCEOAHAKA HEPACHANKYARDHO K
JUIHAM WHAYKIGIH MarHUTHOTC 1075 Da3HOCTb MOTCHUHAROD
Hd KOHil2X [POBOAHHKA paBHa

Pue. 111.5.4

¢1— G, = Blv, ¢,—q,=5,0-10"2.15.230 B ~ 0,17 B.

3apaua 2. Pamxa maouwaapio 400 cvm?, umetomas 100 But-
KOB, BPAIAeTCs B OJHOPOAHOM MATHHTHOM NOJE ¢ WHAYKUHEH
0.01 Tn. Ilepuon obpaieHusi pavgu 0,1 c. Onpeaenurs Mak-
ciMa/bHOE 3HayeHue 3. J. C. MHAYKUIMHN B pamke. Ocb Bpaue-
Hitsl IEPICHANKYIAPHA K JIHHAAM HHAYKIUE MAPHUTHOTO 1IOJis.

Haro: S=400 cm2=0,04 M2, N==100, B=0,01Ta, T=0,1c,

Hatlimu: & yaxe

Petwerue: Tlpu Bpawenuu 3aMKHYTOIO KOHTypa B MarHUT-
HOM niosie 3. . C. MHAYKUMH paBHa &;= wBS sin of-N.

QOueBiIHoO,

25

T

& yare = 222412.0,01.0,04-100 B ~ 2 B,

& wawe = OBSN == BSN,
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5.3. MsayuupoBanHoe sieKTpHUeCKoe 1oJe

1°. EcaM K HENoABHXKHOMY 3aMKHYTOMY HPOBOASILEMY
KOHTYPY. npubAHKaeTcss €O CKOPOCTbIO V IIOJIOCOBOH MarTHMT,
TO B KOHTYP€ BO3HHKaeT MHAYKUHOHHBIA TOK [; (puc. 111.5.5).
[IprunHOH, BLI3HIBAIOWEH YNOPSAOUEHHOE NepeMellenne 3aps-
IOB, SIBJRETCA UHOYUUPOBAHHOE 3IACKMPUNECKOe NO0AE, B KOTO-
pPOM Ha DOJNOXKHTEJNbHHIE
¥ OTpUuaTteJbHBE 3aps-
Jibl FPOBOASILETO KOHTY-
pa  JeHACTBYIOT  CHUJbI
(111.5.2.1%).

2°, CsoficTBa UHAYUH-
POBaHHOrO 3JAEKTPHYECKO-
ro noJjs: Puc, 111.5.8

a) HuayuuposanHoe
3MEKTPHUECKOE TIOJIE€ HE ABASETCS KYJIOHOBCKHM noneM. OHO
CO3J4€TCe He 3apsiiavMi, pacnpejiesieHHbIMH B IIPOCTPAHCTBE, a
[lefCMEHHBIM MarHUTHBIM T10JIeM.

6} MapyuupoBaHHoe s/JeKTpUueckoe nose, NMopobHo Mar-
HUTHOMY MO0, sIBAsIETCss BHXpeBuM nosem (111.4.1.7°).
[10 ciI0BBle JIMHMM 3aMKHYTHL caMM Ha cebs, OHM lle Hauu-
HAOTCS W He 3aKaHYyBaIoTCA Ha 3apsajaX, Kak B cayuae KyJo-
NHOBCKOFO 11oJ1d.

r) MHayuupoBaHHoe 3/1€KTPUUECKOE MoJe ABJASeTcs Hero-
TenunaaensM noaeM. PaGora, coBepuiaeMas B 3TOM 10J€ NpH
NepEMELIEHHH €IHEHYHOTO TIOJOXKUTEIbHOTO 3apsAia 1o 3aMK-
HyTCit llery, He paBHa HYJIO U npejctasiaser cobod 3. A. c.
IHAYKIHE B 3aMKHYTOM IHPCBOJSILEM KOHTYPE, HaXOASAuleMCs
B \epeMCHHOM MarHUTHOM TOJe.

3". TlepemeHoe MarHHTHOE [0J1€ BEI3bIBAET NOABJEHHE HH-
AVUHPOBAHHOIO BUXPEBOIO 3JEKTPHUECKOro noid. 370 ¢yH-
AaMenTaIpHOe NOJ0XKEHHe 3/IeKTPOAUHAMUKY YCTaHOB1eHo Mak-
CBeJJIOM KaK 0000lieH1e 3aK0Ha 3/IEKTPOMarHUTHON HHAYKLMH
Gapagess (111.5.1.2°). Buxpesoe 3nekTpuueckoe noje ofsa-
PYIKHUBAECTCA 110 €ro JEHCTBHIC Ha cBOGOAHBIE 3aps/ibl 3JCKTPH-
GeCKOTO NIPOBOASAIIET0 KOHTYPA, NMOMEIEHHOro B 3T0 noje. Ha-
ipaBICHHE BEKTOpAa HAaNpPsiKEHHOCTH BHXPEBOTO 3JEKTpHue-
CKOI'O I10JIsi YCTAHABJIUBAETCH B COOTBETCTBHU C 3aKOHOM 3JIEKT-
pomarunTHol uHayKuuu @apages (111.5.1.2°) n npasuiom
Jenna (I11.5.1.3°) (cM. Takke 1V.4.1.2°).

Buxpepoe snekTpHueckoe 10Je ¢ 3aMKHYTHIMH CHJIOBBIMH
JHHHAMH HCHOJB3YeTCsl AJ1S1 YCKOPEHHA 3JeKTPOHOB B Oerar-
pone (VI.4.16.3°).




270 OTJIEJ 111. I'Jl. 5. SJIEKTPOMATHHTHAA HHAY KLU

5.4. WnayKuuoHHbe TOKM B CINIGHIHBIX
NPOBOJAHHKAX

1°. MuoyKiHOHHBIE TOKH, KOTOPbIe BOSHHKAIOT B CIVIOLIHBIX
NPOBOAHMKAX, HA3HIBAIOTCH GUXPLGLIMU MOKAMUL WIH MOKAMU
dyro. B tomuax CrnIOWIHLIX HPOBOZHHKOB BO3HMKACT MHOIO
3AMKHYTHIX JUHUHA Takux T0K0B. Tokn ®yko BeIEnsoT 00Jb-
II0€ KOJIMYECTBO TEJOTH B EJUHNILY BpeMeHM, NpsiMO rponop-
LHOHANBHOE KBaApaTy 4acTOThl H3MEHEHUsi MATHUTHOTO MOV
B HMHAYKIFOHHBIX 1eyax i HarpeBaHHS NPUMEHSIOTCS nepe-
MEHHblE TOKHM BBICOKOH 4YacTOTHI.

2°, Bo MHOTHX 32/1€KTPOTEXHHYECKHX YCTPOHCTBAaX (JeKT-
pryYecKue MauiuHbl, TpaHchopMaTOpLl U Ap.) BbieseHHE TeM-
JIOTH! 32 cyeT ToKoB PYKO NPUBOAHUT K norepsM sHepruu. Jiaa
HX yMeHbileHHst cepjeunrku Tpaucdopmaropos (111.5.6.3°),
MAarHUTHBIE UEMNH 3JeKTPHYeCKHX MallMH M ApYyrue ycTpoHcTsa
H3TOTOBJ/ISIOT HE CHJIOWIHBIMH, & M3 OTAGNbHBIX H30JAMPOBaH-
HBIX [JIACTHH, MOBEPXHOCTH KOTOPBIX pAcHoNararoTcs napad-
JI&IbHO JIMHUAM MarHutHo#l uuaykuuu. Toku Pyko obpasy-
I0TCS B IJIOCKOCTAX, NePIeHAHKY/IAPHLX K JHHUAM MarHUTHOH
wHaykuay. 1losToMy Takoe pacnosokenne niaacTHH yMeHbiuaer
NOTepPH 3HEPrUu OT TOKOB PyKo.

3°. BuxpeBble TOKH, KOTOpbIE BO3HHMKAIOT B CIIOIIHBIX
NPOBOJHUKAX, ABHXKYIUXCA B MarHWTHOM nOJe, B3aumopefi-
CTBYIOT C MATHHTHBIM noJieM mo npasuiy Jlenua (111.5.1.37%),
4TO NPHBOAHT K TOPMOKCHHIO JBHKYILHXCA TNPOBOJHHKOB.
3T0 sBJCHHE HCHOAB3YeTCA JIJs TOPMOMKEHHS MOABMKHBIX
CHCTEM 3JIEKTPOH3MEPUTENbHBIX TPHOOPOB - (mopmosauee Oell-
cmsue moxog DPyxo).

5.5. CamouHAYKLMSA

1°. Herenuem camounlykyuy Ha3hLBAETCH BO3HHKHOBEHHE
HHAYUHPOBAHHOTO [0/I B IIeNM B PE3y/IbTATe W3MEHEHUS TOKA
B 3T0#l nenu. VM3meHeHHe TOKA BbI3bIBaeT W3MEHEHHe ero cob-
CTBEHHOI'O MarHUTHOTO noJisl. B npoBogHHKe ¢ TOKOM, KOTOPHI
HAXOAUTCSA B W3MEHSIOLIEMCs COOCTBEHHOM MAarHUTHOM IIOJIE,
BO3HHKAeT sIBJIEHHE 3JICKTPOMArHHTHOH HHAYKLMH, XapakTte-
PUCTHKOH KOTOPOro CHVIHKHT 3. 0. €. CaMOUHOYKYuL.

2°, CofcTBEHHOE MATHUTHOE I10Jie TOKA B KOHTypE CO3A4er
MATHUTHBI 110TOK (D CKBO3h IUIOWA/b MOBEPXHOCTH, Orpa-
HuyeHHYo camMuM koHTypoM (I11.4.1.8°). Maruvurueidl notox @
HA3LIBAETCA NOMOKOM CAMOUHOYKyuY KoHmypa. Ecau KOHTYD
Haxoautca He B deppomarnutHoii cpene (I11.6.5.1°), To @,
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nponcpuHoOHaJNIEH CHJIE TOKa I B KOHTYype€:
®,=LI.

BenvunHa L HaskpiBaeTca uHOYKMUGHOCMbIO KOHMYypa W AB-
JIIETCST €T0 BJIeKTPUYeCKONH XapaKTEPHUCTHKON, NMOAOGHO conpo-
THBJEHHI0O R KOHTYpa W IPYTHM XapaKTepHCTHKaM.

MHAYKTHBBOCTE KOHTYpa UHC/AEHHO paBHA MarHHTHOMY IO-
TOKY CAaMOMHAYKLHH KOHTYpa TIpH CHJIe TOKa, paBHOH efuHHILe.
3Hauenne L 3aBUCHT OT pa3MepOB KOHTYPa, €ro reoMeTpuyecKo
dopMBI M OTHOCHTENIbHOH  MAarHUTHOH MPOHMHAEMOCTH
(I11.4.3.2°) cpenel, B KOTOPO# HaxoauTcsi KOHTYp. Hanpumep,
IJ151 AOCTATOUHO AJHBHOro coagnouaa (111.4.8.6°, 7°) aannod I
¥ IJIOMAJBI0 CEYeHHs BUTKa S ¢ o6mMM 4uCIOM ButkKoB N
HHAYKTHBHOCTb paBHa

L = &“‘l_ﬂls == p,ounzv,

A€ po — MaruutHas nocrosiinas B CHU (V11.5.3°), p — oro-
N
cHTeNbHAasi MarHHTHas NPOHMLAEMOCTb CPe.Hl, n=[—z—-——qnc.no

BHTKOB Ha €IWBHLY njuHb, V=8I — obbeM coJieHoHAa.
3° Ilo sakoHy asJekTpoMaTHHTHON HHAYKUHH apajen
(111.5.1.2°) 5. a. c. caMOMHRYKUMH &;; paBHa
AD,
Cis=—"37"
Ecau KOHTYD € TOKOM He fedopMHpyercsi U OTHOCHTEeNbHAR
MarHUTHAsE NPOHHIAEMOCTh Cpelbl NOCTOSHHA, TO HHAYKTHUB-
HOCTb KOHTypa nOCTOsiHHA. Toraa &;, NPONOpUHOHaNbha
TOJNLKO CKOPOCTH H3MEHEHHS CHJbI TOKa:
Al
& s=—L AT
BeanunHa HHAYKTHBHOCTY KOHTYpA YMCJIEHHO paBHa 3. 1. €.
CaMOWHAYKIHH B KOHTYPE NPH M3MEHEHUH B HEM CHJIB TOKA Ha

EIMNKIY 32 OJHY CEKYHAY (]é’m]:L npu ﬁ—ﬁ: 1).

4°, Tloa peiicTonem & ;4 B KOHTYPE NOSIBASETCS HHAYKLHOH-
ubii ToK /g, KoTophiii, no npaeuay Jlenna (111.5.1.3%), nporu-
BOJACHCTBYET H3MEHEHHIO TOKA B LENH, BLI3BABILETO fBJLEHWE
camonnnyknuu. Tox [/, HakJajbBasch Ha OCHOBHOH TOXK, 3a-
ME/JISIET €ro BO3PACTaHWe WJAH NpPEnaTcTBYeT ero ybniBaHHo.
Io dopmyne n. 3° &;,, a caenoBatenvho, u /,, npu npousnx
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PABHBIX YCJAOBUAX, NPAMO MPONOPHUHOHANBLHBL HHAYKTHBHOCTH
KOHTYpA. .
VIHAYKTHBHOCTh KOHTYpa AB/JAETCA MEPOH ero «HHEPTHO-
CTH» 1O OTHOIIGHHIO K H3MEHEHHIO TOKa B KOHType. B arom
CMBIC/IE HHAYKTHEHOCTb L KOHTYpa B 3/IEKTPOAHHAMUKE HIDACT
TaKylo K€ posib, Kak Macca m Tena B mexanuke (1.2.3.1%).

Puc, 111.5.8

5°. HapacraHue (y6biBaHHe) TOKA ¢ TedeHHEM BpeMeHH MpH
3aMBIKaHHH (Pa3MbIKAHHH) LelH HMeeT BUJ, H300pameHHHIH Ha
puc. 111.5.6. Xapakrep KpHBBIX OGBACHSETCS POMbIO SBJIEHHSA
CAMOHHAYKUHM TPH 3aMblKaHHH H pasMblKaHuH (1. 4°).

5.6. Baaumuaa usaykumsa. Tpaucgopmarop

1°. feaenue 83aumnoil unOyKyuy COCTONT B BOSHHKHOBEHNAH
uuayunposannoro noas (111.5.3.1°) B npoBogHukax, Haxons-
HMXCA N0GIU3OCTH OT APYIHX NPOBOAHUKOB € TOKAMH, U3Me-

HSIOLUUMHCS C T@UEHHEeM Bpene-
__L Hy. Tag, ecau cuta ToKa Iy
B KOHTYpe / H3MeHseTcs, TO B
I/ 1 2 9
= KOHType 2, He cojepxalieM
N

HCTOYHUKA TOKA, BO3HUKAET HH-

AyUHpOBaHHOE II0Jle, Xapakre-

Puc. 11L.5.7 PU3YEMOE 3. 0. C. 83QUMHOL UH-

Oykyuu & ;. Coznaercs HHAYK-

DMOHHLIA TOK, KOTOPHIA OOHAapPYKUBAETCH TIaJbBAHOMETPOM
(puc. I11.5.7).

2°. Tlo 3akoHy a/aekTpoMarHutHofl uHAyKuuH Papanes

(111.5.1.2°)

. A®yy

6i21 = _T »
rae O, — NOTOK MAarHUTHOH HHAYKUMH, XKOTOPHIH co3aaercs
MATHUTHBIM NOJIeM TOKa [; M NPOHH3LIBAET IVIOWIAAb [CBEpX-
HOCTH, OXBaThiBaeMOfi KOHTYypoM 2. MarnuTHeif motok @
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IIPONOPLUOHANEH cuse ToKa I; B KOHType [:
ch = Mnlv

rae Mgy — KO3GpUUMEnT, KOTOPBIH HA3BIBACTCA 83qUMHOU

UHOYKIMUBHOCMEI0 BTOPOTO U NEPBOro KOHTYpoB. M,y 3asBuCHT

OT pa3MepoB, FeOMETPHYECKOR (POPMBEL U B3AaHMHOTO pacrosioxe-

HUA KOHTYpOB I ¥ 2 H, KpOMe TOro, OT OTHOCUTE/ILHOR MarHuT-

HOH MPOHMLAEMOCTH CpPEeAbl, B KOTOPOH HAaXO4ATCHA KOHTYPHL
3°. Ha siBnenun B3aHMHOMN

HHAYKIHH OCHOBAHO JHeHCTBHE R
mpanchopmamopa,  KOTOPHIH A % );., *
npuMeHseTCs A1A [OBbILUIHHS 0 P b
WM TIOHHXKEHUS! HanpsiKeHHs ! § I
nepeMeHHoro toxa., Ha cepaeu- aas L
HHKE, COCTOSILIEM M3 OTAEIbHBIX temz =)

[VIHT, cOOPaHHBIX B 3aMKHYTYIO
pamy (111.6.5.6°), Haxonm“c;{
nBe oomorku (puc, 111.5.8) —
nepsuuHas S; U BTopHuHas S; ¢ YHCAAMY BUTKOB COOTBETCT-
BeHHO N; u Nj. ITepemenubiéi TOK [ co3aeT B nepBidHoil 00-
MOTKE repeMeHHOe MarHHTHOE 1oJe, KOTOpoe H sIBJISIeTCst Hpil-
4HMHOH 3. 1. C. B3aUMHOH MHIYKLHH BO BTOPHYHOR OBMOTKE.

[Tpu xomocrom Xxoze TpaHcpopmatopa, Koriaa TOK BO BTO-
puuHOit oOMoTKe orcyTeTByer (/,=0), OTHOWEHHE a0COMOTHLIX
3HaueHnll HanpsokeHuit U, ¥ U; Ha KOHUAX BTOPHUUHOR H
NEePBHYHOA OOMOTOK HAa3LIBAETCSl KOIDpuLuernmos mpancgop-
mayuu:

Pue. 111.5.8

U,
Uy

N= —F.

Hag  nosbuLaIOLLEro (noanma}omero) TpaHchopmaropa
N>N, (N2<N1)-

5.7. Jxeprus MATHHTHOTO MOJIs

°. Hdasa cospanust Toka [ B KOHTYPE ¢ HHAYKTHBHOCTbIO L
Heoéxonmv[o COBEPILNThL PaboTy Ha MPeojo/ieHKe 3. A. C. camo-
nHaykuun. Cobemeennot snepeued W, TOKa cuioft [ masbl-
BaeTcs Be/HYMHaA, YUCJEHHO paBHas 3Tofl padore. Ecnu cpeza,

B KOTOPOH Haxopurcs KOHTYp, Hedeppomaruutsa (I11.6.5.1°),
TO

LI?
W, =5
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2°. B cooTseTcTBHH ¢ Teopuedl Omuskopeictans (111.1.3.2°)
COGCTBEHHAs] SHEPTHS TOKa COCPEIOTOYEHA B MATHUTHOM TOJeE,
CO3/aHHOM NPOBOJHUKOM ¢ ToKoM. [Tostomy rosopsar ob snepeuu
MQEHUMHO20 N0AS, NPHYEM CUYHTACTCS, YTO cOOCTBEHHAR IHEP-
Tdsi TOKa pacrpefiesieHa IO BCeMY IIPOCTPAHCTBY, [Ae HMeercs
MarHuTHOE noJe. DHEPrHsA MarHHTHOTO MOJs PaBHa COOCTEEHHOH
5Hepru# ToKa. B naunnom conenomne (111.4.3.6%) aneprus
MarHyTHOIG N0Js1 COCPeNOTOUeHA IIaBHBIM 06pa3cM B o0beme V
COJIEHOHJA W paBHa

W, =—é— Heun*l 2V,

FAe 7 — YUCAO BUTKOB Ha €JWHHIE JUIMHBI CONEHOMAA, Wy —
marnuTHaa nocrosnnas B CH (VI11.5.3%), p — orHocurenbnas
MarHuTHas NPOHHUAEMOCTb CPeLEL.
3°. DHeprusi OZHOPOXHOrO MATHHTHOTO MOJsl, COCPENOTO-
YeHHOro B 06beMe V n30TponHol ¥ HedeppOMarHHUTHOH cpepw,
1 B2
WV, =—
72 pop £
rae B — unaykuusi marautioro noas (111.4.1.6°). OcranbHbe
ofo3paueHns yKasaHwel B n. 2°,
4°, O6BemHOld nAOMHOCMbIO HEpPeUl W, MATHATHOIO TOJIS
Ha3bIBaeTCA SHEPTHs, 3aK/IOueHHash B euHHLE o0beMa NOJs!
AW
W, =%y
Ilna maruuTHOrO noJA B HM3OTPONHONH M HedeppoMarHUTHOH

cpene

DTo BHIpaXKeHWe COpaBeiJMBO He TOJNbKO AJA ONHOPORHOIO
HOJIST, HO ¥ AJS TNPOU3BOJBHBIX, B TOM UHMCAE U nepeMeHHHX:
BO BpEMEHH, MarHHTHBIX MoJeil.

5° EciM OfHOBpEMEHHO CYUIECTBYIOT 3JEKTPHYECKOe U
MATHHTHOE TOJIst, TO 06BeMHAL NAOCMHOCHG IHepeUl IAEKMPO-
MOZHUMHO20 NOASL W B M3OTPONHOH cpene, He objajaroilel
deppomarvutheiMe  (111.6.5.1°) u  cernerossexTpHyecKUMU
(111.1.6.9°) cBoiictBaMH, paBHa cyMMe OGLEMHBIX MJIOTHOCTEH
sHepruii ssexkrpuueckoro (I11.1.12.7°) u maruurHOrO mnoseii:

1 B?
2 pop”

3anaua. Onpenenntb HHAYKTHBHOCTb KaTYLIKU c Hedeppo-
MAaTHHTHBIM cepieurukoM, umemomei 800 ButkoB. [lJjuHa Ka-

eE
W=w, + @, =5+
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Tywky 0,25 M, puamerp BuTkoB 4 cM. [To KaTymke Haer TOK
1 A. Uemy paBeH MarHWTHBHIAI MOTOK CKBO3b IONEpedHoe ceye-
Hue Katymigu? KaxoBa 3Heprus MarHWTHOrO MOJA KaTyWKHP

Hano: 1=0,25 M, d=4 cm = 0,04 m, N=800, /=1 A,
u=1, u,=1,26-10"% T'u/m.

Hadmu: O, W,

Pewenue: VIHRyKTHBHOCTD KaTyWKH ¢ HedeppoMarHur-
HBIM cepﬂ,e!mm(om

8002 3,14.0,042
L= Mo,S L=1,26-10"¢. W s —— Tu = 4 Ml

Maruutinifl 110TOK
LI 4 10-3.1

— ___._____. [
=% =% B6 ~5.10"¢ B6.
DHeprust MarHUTHOTO MOJIA
L2 4.10-3.13 ) -
Wop="%, W,=—7%— M= 2-107 k.
IF'arasa 6

MATHUTHBIE CBOVWICTBA BEW{ECTBA

6.1. MarHuTHbIE MOMEHTBI 3JIEKTPOHOB H ATOMOB.
CruH 37eKTPpoHa

1°. Kaxnaslil 5JeKTPOH, ABHXKYIIHUHCA B aTOMe BOKDPYT Azpa
no 3amyHyToil opbure *¥) (VI.2.2.1°), npeacrasasier coOoi
SAeKMPONHbLL MOK, TEeKYIUH B Hanpas-
JIEHHH, TNPOTMBONOJIOMHOM JBHXEHUIo P
anektpoHa. Ha puc. I11.6.1 ykasano

HanpasJjieHHe BeKTOPa CKOPOCTH V 3J1eKT- v
pOHa M HampaBJ/ieHHe TOKa, TeKYyHIero "
no op6ure. Cuna I 2JeKTPOHHOI'O TOKA .I{
(111.2.1.3%)
I=z, v
Puc. 111.6.1

rje e — a6co/ioTHOS 3HAUEHHe 3apsjia 3JeKTpoHa, T — NePHOx
oépam,e}mﬂ 3JeKTpPOHA 1O opbure.

2°, MarsuTHBIH MOMEHT P,, 3/JIEKTPHUUECKOTO TOKA, BHI3BAH-
HOIO ABUXKECHHEM 3/IeKTPOHA 110 OPOHTE, COIJIACHO ONpe/ieIeHuIo

*) YrTounenue NOHATHS OO OpOUTE /IEKTPOHA B aTome cM. VI.1.6.2°
u V91.2.6.3°,
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(111.4.1.4°%)
P, =1Sn,,

rie S — njomwans opOHTHL 3JEKTPOHA, Ny — €INHUYHBI BeK-
TOP HOpMaiW, B3ajaI0lMH  HanpabJieHue BEKTOpa P
(111.4.1.4°) (pwc. 111.6.1). MaruuTHbiii MOMEHT P, 3J€KTPOH-
HOT'O TOKA HAasbIBAaeTCs OpOUMANbHOIM MASHUMHbIM MOMEHMOM
SACKMPONQ.

3°. BekTOpOM 0pOuUmMQAbHO20 MAZHUMHO20 MOMEHMA QMOMA
P,, HaspiBaeTcsi BEKTOpHasi cyMMa OpOUTaNbHLIX MAarHWTHBIX
MOMEHTOB BCeX Z €0 3JIEKTPOHOB!

=P+ PP+ P,

re Z — nopﬂ,uxosblﬁ HOMep aTOMa B NePHOAHYECKOH cucTeme
snemenTop Meingeneea (V1.2.9.1°), paBHuil ofmemy uucny
3JEKTPOHOB B aToMe. Lc/M BelecTBO COCTOHT M3 MOJEKYJ, TO

MarHuTHBIA MOMEHT MOJIeKYJE  #B-

B Lo~z JAsIeTCs] BEKTOPHOH CyMMOM op6uTa/ib-
HEIX MaTHUTHBIX MOMEHTOB ee aTo-
MOB.

4°, Kaxaplil aToM Wiy MOJIEKYJIa,
006Ja/ia101 e MATHHTHBIM  MOMEHTOM,
MOIryT OBITb YNOAOOJA€HBl 3aMKHYTO-
Py MY 3JE€KTPHUECKOMY TOKY, TEKYLLEMY
5 N0 KOHTYpY, OrpaHuuMBAIOLIEMY He-
uc. 111.6.2 KOTODYIO MJIOIanb NOBepXHoCTH S
(amomublll MWIH MOACKYASPHLILL MOK),
MonexynapHeiil TOK, Kak M BCAKHH 3aMKHYTHH KOHTYD
C TCKOM, HMEET MArHXTHBIA MOMEHT U CO3AAET MATHHTHOE [10J1e
(111.4.3.5°). Cornacuo eunomese Amnepa MaruuTHeE CROICTBA
BEILIECTBA ONPENeNSIOTC MOJEKYMSPHBIME TOKaMH.
5° DnekTPOH, HE3aBHCHMO OT €ro npefblBaHusi B KaKOli-
a00 cicteme yacTul, (aToM, MOJIeKysaa, Kpucrana), obnanaer
COOCMBEHHbLM MEXAHUMECKUM MOMENMOM KOAUYECMBa OBUILEHUS
p, (cobemeennei momenm umnyavca) (1.3.2.2°), HasviBae-
MBIM cruHom ™). DieMeHTapHOe MOJeNbHOe NpeicTaBlIcHHe O
CMIUHE CBA3KLIBAETCH C BPAIEHHEM JIEKTPOHA BOKPYT COOCTBEH-
Hoil ocit. OnHAKO 3TO NpPeACTaBleHHe NPOTHBOPEUHT CHeHHaNb-
HOW Teopun orHocurenphocri (V1.2.8.3°). B cospementoil du-
31Ke JI0Ka3aHO, YTO 3JICKTPORY HIPHUCYILL CNIHH B TAKOH e Mepe,
Kax €My NpHCYILH JEKTPUUECKUH 3apfj € U Macca NOKOS Mg
(V.4.10.4%) (cm. Takxke (VI.2.8.1%).

*) Or anrauiickoro «spinm» — BpaumaTbes, KPyueHHE, BEPeTEHO.



6.2. KJJACCHO®UKALU MATHETHUKOB 277

6°, Baxnefimasi OCOGEHHOCTb CHHMHA 3JEKTPOHA COCTOHT
£ TOM, YTO B MAarHUTHOM Iosie *) CIHH MOMKeT OblITh OPUEHTH-
B2H TaK, UTOOBI €ro npoeklus Ha HanpaBJeHue BeKTopa HH-
BYKUE MarHuTHOTO nojdsd B npHHHMAA TONBKO ABA 3HAYEHHHA
ipie. 111.6.2):

nt

Lsp =+ ’% e
rae h — nccrosmias Ilnanka (V.3.2.3%) u fi=h/2m.

Ecant B KaKoif-1u00 CHCTeME 3/J€KTPOHOB (aTOM, KPHCTAA)
IIMERTCHl YETHOE YHCJO0 37EKTPOHOB, TO CIHHBL KaxkJOH napul
9MEKTPOHOB, HaNpaB/IeHHLIE B [POTHBONOMOXKHEIE CTODOHBI,
¥IT CyMMapHbI CrMH, paBHBU Hyso. Takasd cucrema Haspl-
TOSU CROMREHCUpOosarAod no cnury. TIpH nedeTHOM yucJe
3ASKTDONOB CHCTEMA HMEET HEeCKOMIICHCHDPOBaHHbHl crnid, OT-
JAUUUBHT OT  HYJISL

HaguypeM y 3J1€KTPOHA M HCKOTOPHIX APYTHX 3/JeMeHTap-
ey wactiin (VI5.2.9%) cnuna o0bACHAOTCS MHODHE BAKHbLIE
3AKOHOMEPHOCTH B coBpemenHoft (usuxe. Hanpumep, crouneMm
IMEKTPOHA OODSCHAIOTCA MarHUTHLIE CBOfICTBA (DeppoMarteri-
koB (111.6.5.8%). CuuH 3JeKkTpona onpejeadeT pachpeieneiis
3JIEKTPOHOB 110 HEPreTHUECKHM COCTOSHHAM H, B CBA3H C ITHM,
no ciosy B arovax (VI.2.8.6%).

.
pia

IS

6.2, Koaccu@uxauusi MarneTHKoB

1°. Maenemuramu Ha3bLIBAIOTCS BCe BEULECTBA, CNOCOGHLIE
HaMarHHYHBATbCsl BO BHElIHEM MAarHHTHOM I[OJe, T. €. c03ja-
BaTb COOCMGEHHOE (BHYMPeHHee) MASHUMHOe Noe CAMOro Be-
wectBa. MarseTuku m0ipasfesifioTcss [0 CBOUM MAaTHHTHbIM
CBOHMCTBAM Ha CAGDOMQSHUMHbIE Y CUALHOMAZHUMHbIE BLIECBA.
K cnaGoMarduTHEIM BewleCTBaM OTHOCSITCH NApaMarHeTHKH M
auamardeTdki. OCHOBHYIO TPYNNY CHJIbHOMATHUTHBIX BELIECTB
COCTABJSIIOT  (eppoMarneTuku. Cnafo- M CHABHOMATHUTHb@
BEULECTBA OTVINUAIOTCA BEJIHUMHON OTHOCHTEILHOH MAFHHTHON
npouunaeyoctu p (111.4.3.2°). Jas ciiaGoMarduTHBIX BeLeCTs
W HE3HAYUTRNBHO OTJAHYAETCH OT EAMHUIBI AJMA NapamMarHeTH-
KOB pz==1, ania auamarnetunxoB p<Cl. Kpowme toro, pu ajis ciabo-
MarHuTHBIX BELLECTB HEe 3aBUCHT OT HHAYKLUH By, TOrO MarHur-

*) Oto mosie MOKeT ObITh CO3ZAHO KAK NPOBOAHKKAMH C TOKAMHU
(«Bueililee HoJde»), TaK M MEKTPOHHBIMH, A TAKKE ATOMHBIME H MOJe-
KyIApnbIMU TOKaMH (¢<BHYTDEHHee MoJies).
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HOrO 1ojd, B KOTOPOM HaMarHWuuBaloTCA pemecTsa. Jlas
CHJIbEOMATHHTHBIX BeulecTs 1> 1 1 3aBucHT ot By (111.6.5.3°) *).

2°, K napamarseTnkam OTHOCATCS KHCJIOPOH, OKHCh A30Ta,
anIOMMHNE, NJIATHHA, PENKO3EMEJIbHBIE 3JIEMEHTEH, 11eOYHbIe
U IIeJ0YHO3EMEJbHbIE MeTaJBl M APYTHE BEUleCTBA.

Jlyiss mapaMarHHTHBIX BELECTB W 3aBUCHT OT TEMIEPATYPHl H
yOriBaer ¢ noBHILEHNEM €e no 3akoHy u=1+4C/T, rae T —
TepMojHHaMu4eckas Ttemneparypa, C — nocmoaunas Kropu,
XapakrepHasi jJsf JaHHOTC BeillecTBa.

3°. [luamarsHeTHKaMM sBJSIIOTCSl MHEPTHBIE Tasbl (requi,
aproH M JAp.), MHOTHE MeTaslbl (30JI0TO, LMHK, Meib, PTYTh,
cepebpo), BOAa, CTEKJO, MpaMop, MHOTHE OpTaHHuecKHe Coelu-
HeHns. JIas 5THX BelECTB OTHOCHTENbHAS MarHHTHAS NPOHU-
[AeMOCTb He 3aBHCUT OT TEMMEpPaTypHL. -

4°, K deppoMarHeTHKaM OTHOCHTCSI CPABHUTENBHO HeGOMb-
mas rpynna TEepAbX KPHCTaNJIMUYeCKHX TeJl — TaK HashbiBae-
MBIX IEPEXOJHHIX METANJIOB (Kes1e30, HuKedb, KoBaJwT), a
Takxe psi cniaBoB. O MaTHUTHHIX CBOficTBax (eppomarHe-
THKOB oM. 111.6.5.1° — 7°,

6.3. J/InamaraeTuam

1°. JuamazHemukamu Has3HIBAIOTCS BELIECTBA, Y KOTOPHIX
aTOMB WJIH MOJIEKYJIBI B OTCYTCTBHE BHEUIHEI'O MAarHUTHOTO OIS
He uMeoT MaruuTHnix moMeHnToB (I11.6.1.3°). Artombl Takux
BEIeCTB HAa3wBawTcsl dua-
MAZHUMHbIMU armomMamu.
[Ipumepom siBnsiercs  aToM
rerus. flapo storo aroma
uMeeT 3apsia g=-1+2e¢
(V1.2.1.1°), rpe e — abco-
JIOTHOE 3HAueHHe 3apsjia
anekTpoHa. Ilpeanonoxum,
yTo o0fa 3JEeKTPOHa aroMa
reaust ofpamialorcsa BOKPYT
AApa ¢ OJIMHAKOBOHA CKOpoc-
THIO 110 OJAHHAKOBLIM OpGU-
taM (V1.2.2.1°), HO B NpPOTHBONOJNOKHBLIX HANPABJEHUAX (PHC.
111.6.3). Torma ux op6urajdbHblE MAPHWTHBIC MOMEHTHI
(I11.6.1.2°Y 6yayT paBHBLI NO MOJYJIO, HO NPOTHBONOJIOMKHEL

)}

Puc. 111.6.3

*) Has deppoMarHeTHROB OTHOCHTENbHAR MATHHTHAS NPOHHLae-
MOCTb ONpejensiercs nuave, uem B 111.4.3.2°, Onpegenenne p A1 eppo-
MATHETHKOB BLIXOJMT 3a pPaMKH JIEMEHTAPHOTO Kypca QH3UKH,
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10 3HaKy M CyMMapHbIf MarHHTHHII MOMEHT atoMa P, =
=pP-+-pP Gymer paBeH HYJIO.

2°, Tlpu BHeceHHM NHaMaTHHTHOTO BELIECTBA B MarHHTHOE
noJse B KakJIOM ero atoMe (WIH MOJICKYJIE) HHAYUIHUPYETCs
HEKOTOPHIH JONONHUTEJBHEIA aTOMHBIH (MM MOJIEKYJIs pHBifi)
uaaykunonnstit Toxk /; (I11.6.1.4°) ¢ MarHMTHBIM MOMEHTOM
AP,;. Bektop AP,; HanpaBieH nNpOTHUBOIOJIOKHO BEKTOPY
B, MACHWTHOH HMHAYKUHH BHEIIHEO MArHUTHOTO TOJS
(puc. 111.6.4). Bextop AP,; ¥ uHAYK-
LHOHHBI TOX {; mo npasuay JleHua ﬁ\
(I11.5.1.3°) nOMKHBI HMETh TaKoe Hall-
paBJsieHue, yTOObl MAarHHTHOE TOJe, CO3- m;m.U B,
JAHHOE HaBENEHHBIMM TOKamy, ObLIO
IPOTHBOIIOJIOKHO HAaMarHUYHBAIOLIEMY
BHemwHeMy nojo. CyMMapHOe MarHuT-
HOe 1IoJe, CO3JaHHOe HaBeNEHHBIMH BO
BceX aToMax (MOJIEKYJ1aX) HHAYKUMOHHBIME TOKAaMH, SIBJSIETCS
COGCTBEHHBIM (BHYTPEHHUM) MATHHTHBIM [oJieM. Bekrop mar-
HHTHON MHAYKLUYH BHYTPEHHEr0 NOJS HanpapJeH NPOTHBOIO-
JIOXKHO BEKTOPY HHAYKUWH BHEMIHEro, HaMarHHYHBAIOIETO
nosis. B 3TOM M 3akJioyaeTcs HaMarEWYMBaHHe JHaMar-
HHUTHOTO BellecTsa.

Ecnu BO3gjeficTBHE HaMarHUYUBAIOIIErO IO/ NpeKparia-
ercsl, TO HCYe3aoT MHAYKUMOHHBIE TOKH B aTOMaX (MOJeKyJax)
H JuaMarHUTHBIE CBOHCTBA MCUE3AOT (pasmasHuuusanue Oua-
maeremurxa). Ha BO3HMKHOBEHHE WHAYKIMOHHKX TOKOB B aToO-
Max (MoJIeKyJlaX) He BIUSET TEMJIOBOE, Xa0THYECKOE [BHKEHHE
atoMoB (Mosiekys). IloaromMy AMamarHuTHble CBOHCTBa Belie-
CTBa He 3aBHUCAT OT TeMIepaTyphl.

3°. JluavMartHeTusM sIBJISIETCSI yHHBEPCAJbHBIM CBOHCTBOM
BCeX BeIeCTB, TaK KaK B aToMax (MOJeKy/ax) JIoObIX BEl(eCTR,
NOMEIEHHHX B MAardHTHOE M0J€, HABOAATCH MHAYKUHOHHbIE
TOKY. O/JHAKO AMaMarHeTHaM SBJseTcs OueHb cJabbiM sdpex-
ToM. [losToMy AMamarHHTHbE CBOHCTBA HaGJIONAIOTCH TOJBKO
Y T€X BELLeCTB, Y KOTOPHIX 3TH CBOHCTBA ABJSIOTCS €AMHCTBEH-
HBIMH ¥ HE MACKUPYIOTC APYTHMH, Oojiee CHALHBIMY Mar-
HUTHBIMH CBOJICTRAMH.

Puc. I11.6.4

- 6.4. NapamarHeTnam

1°. AroMbl (MM MOJIEKYJIBI), OOJAJAKOWIME HEKOTOPBIM
MarautHbiM MomentoMm Pp, (111.6.1.3%, uassiBawrca napasae-
HUmHbIMU, a COCTOSIIIME M3 HUX BeUlecTBa — napamaere-
mukamu. MarsuTHele MOMEHTB! aTOMOB (MOJIEKYJ) mapamarue-
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THKa 3aBHCAT OT CTPOEHHUS aTOMOB (MOJIEKYJ), NOCTOSHHE! AJIS
LaHHOTO BEIECTBA M HE 3aBHCAT OT BHEUNIHET0 MarHuTHOTO
noJs.
2°. B orcyTcTBHE MAarHUTHOTO NOJS TENJIOBOE JBHKEHHE
aTOMOB (MOJIeKYJ) napamarHeTHka M UX cOyJdapeHHs npensT-
CTBYIOT BO3HMKHOBEHMIO YIIODPSANOYEHHOTO DACIOIOXKEHUA BeEK-
TOpoB P, MaripTHHIX MOMEHTOB OTJEJbHEIX aTOMOB (MOJEKYJM).
[TosToMy B mapaMarHHTHOM BELLECTBE B OTCYTCTBHE BHEIIHEro
MAFHUTHOTO NOJA aTOMHBIE (MOJIEKYJIIDHEIE) TOKH He CO3JaloT
Amoneds mak PE3YJbTHPYIOMETO MarCHMTHOrO NOJisl.
BeliecTBO He HaMarHWUUBaeTCsl — B HEM
He BO3HHWKaeT COBCTBEHHOTO (BHYTpeH-
HEro) MarHUTHOTO MoJid.
3°. Ilpy BHeceHMH mnapaMarHeTHKa
BO BHelHee OJHOPOJHOE MaTHHTHOE MO-
Je KaxIbill aTOMHBIH (MOJIEKYJIs PHEL)
Puc. 11.6.5 TOK CTPEMHTCst PacnoJIOKXHTbCs Tak,
yTOGB! BEKTOP €r0 MATHHUTHOIO MOMEHTA
6LlT  OpPHEHTHPOBAH mnapasnenbHo BekTopy B, muaykumu
BHELIHETO TOJs. IDTOMY NPENsTCTBYeT TEIJIOBOE IBHIKEHHE
aroMoB (Mosiekys). CoByvecTHOe JIeHCTBHE MAarHHTHOTO TNOAd U
TENJIOBOTO ABUYKEHUS TIPHBOANT K TOMY, YTO BO3HHKAET DpeH-
MYIIECTBEHHAs OpPHEHTAUHMST MaCHUTHBIX MOMEHTOB aTOMOB
(MOZIeKYJ/1) 1O HanpaB/eHUIO BHEUIHEr0 MAaTHHTHOTO 1o
(puc. I11.6.5). B mnapamarHuTHOM BelllecTBe CO31aeTCsl pe-
3YJbTHPYIOUIEE MATHHTHOE IOJME BCEX ATOMHBIX (MOJEKYJisip-
HBIX) TOKOB, ¥ BENleCTBO HAMATHUUMBAETCS — B HEM BO3HUKAET
cobcTBeHHOE (BHYTPeHHee) MarHiTHoe noje. BekTop HHAYKUMH
3TOTO MOJsA HaNpasJeH OJMHAKOBO € BEKTODOM HHAYKIMY
BHEIIHErc HaMarHudHBAalOUEro [OJs,
4°, TIpy nOBBLLLEHHH TeMIepaTyphl NapaMarHeTHKAa B HeM
YCHINBAETC XAOTHYECKOE, TENJIOBOE ABIXKEHHE aTOMOB (Mo-
aekyna). OHO npensTcTBYeT OpUEHTAlMH MAarHHTHHIX MOMEHTOB
aTOMOB (MOJIEKYJ) M YMEHbLIAET HAMarHUUYMBAHHE BEIIECTBA.
[TosToMy OTHOCHTeNbHAs MAarHWUTHAas NPOHUILAEMOCTb Napamar-
HeTHKOB YyMeHbuiaercss npu HarpeBavun (111.6.2.2°),

6.5. Peppomarnerusm

1°. Deppomacremuxamy HA3LIBAETCS TPYNIA BEUECTB B
TBEPJOM KPHCTANIHUECKOM COCTOSTHMH, OGJIaZaioumias COBOKYIl-
HOCTbIO MarHuTHHIX CBOHCTB, O0yCJIOBJAEHHBIX OCOGLIM B3aMMO-
JeficTBYeM aTOMHBIX HOCHTEJIeH MarHerusma, ¥ (eppoMarsur-
HBIX BelEecTB coGCTBEHHOE (BHYTpPEHHee) MATHHTHOE 1oJe
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(111.6.2.1°) umeeT MHAYKUMIO B COTHH M ThiCAUN pa3 Gosbuiyio,
yeM MHAYKIKS BHEWHEro MarHHTHOTO T0Jisi, BbI3BABIIETO fB-
J€HMe HaMarHiuyBaHug, T. €. 06pasopaHie BHYTPEHHETO NoJ.
2°, Jlaa XxapaKTepPUCTHKH ABJEHHs HaMarHMUMBaHHS Belle-
¢TBa BBOAMTCA BEIHUUHA [, HasbiBaeMast HAMASHUUEHHOCIIbI) B€-
wecmea. Hamarnvuennocts B CH onpesensiercs: gpopmyioit

I =B—B,=pB,—B,=(p—1) B,,
rje p — OTHOCHTE/NbHAs MarHuTHas NpOHHLAEMOCTD BEIUECTBA,

B, — WHIYKIHA MarHWTHOTO nojis B Bakyyme, B — uHayxuus
MATHHATHOTO Tonsi B BemectBe: B=pB, (I111.4.3.2°),

I 7
Thomee
Taparaznemun |
j
i
v i
Bp/yg 1 Ty
aeHete /] Bt By/ity
Puc. 111.6.6 Puc. 111.6.7

Jlns napa- ¥ AMGMarHeTHKOB HaMarHHUYEHHOCTb [/ NpAMO
NPONOPUMOHATbHA MHAYKUAN B, MaruuTHOTO noas B Bakyyme
{puc. 111.6.6). :

Ilns eppOMarHuTHHIX TeN HAMarHWYeHHOCTb [ siBJseTcs
C/I0XKHO} HesuHeRnol Qyukiuei By. 3aBucumocts I 0T Besu-
uyBb Bo/[lo HA3BIBAETCS MEXHUECKOU KPUBOL HAMASHUMEHHOCHIU
(puc. 111.6.7). Kpupas yxasbiBaeT Ha siBJeHHe MArHATHOIO Ha-
(HILIEHHs: HaulHas C HEeKOToporo sHavenus Bo/po= By i,
HAMarHHYeHHOCTb TIPAKTHUECKH OCTAeTCsl NOCTOSIHHOM, paBHOH
I, (HaMaeHUu4eHHOCMb HACOIUEHUAY, Mo — MATHHTHAS NOCTORH-
nas B CH (VII.5.3°).

3°. OTHOCHTeJbHAsi MATHHTHAsl NPOHMIAEMOCTh U (eppo-
MATHETHKOB, B OTJHuYHE OT napa- ¥ [AMaMarHeTHKOB, HMMeeT
pechMa GOMbLINE SHAYEHHS! ¥ 3ABHCHT OT HHAYKLMH B, MaruuT-
HOTO MOJISl, B KOTOPOM HAXOJMTCS BEIECTBO (DHC. 111.6.8).
Hanpumep, RJIs1 XKee3a Wy =0000, Asisi nepmanon (78 %
Ni u 22 % Fe) pyaxc=100 000.

4°, Maenumnoin eucmepesucos *) Geppomarsernka Hasbl-

*) Or rpeueckoro <«hysteresis» — OTCTaBaline CJCACTBHA OT €ro
NPUYUREL
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BaeTCsl OTCTABAHUE H3MEHEHUsT BEJHYHHBl HaMarHHYEHHOCTH
(heppOMArHUTHOTO BELIECTBA OT H3MEHCHHA BHELIHEro MarHHT-
HOro 1oJfl, B KOTOPOM HAXOAUTCS Beulectso. Baxnefimeit nipu-
YiHOH MarHUTHOTO THCTEpe3uca sIBJASIeTCS XapakTepHasi Ajs
(deppoMarHeTHKa 3aBUCHMOCTb €0 MArHHUTHHIX XapaKTepPHCTHK
(i, I) He TOMBKO OT COCTOSIHHS BEUIECTBA B AAHHBIF MOMEHT,
HO M OT 3HaueHH{l BeJHUHH W ¥ [ B IpeabAyIIe MOMEHTH Bpe-
menn, Taxkum oOpa3oMm, CyulecTByeT 3aBHCHUMOCTh MarHMTHBIX
CBOHCTB OT HpPEUECTBYIOLEH HAMArHHYEHHOCTH BEleCTBa.

I
Puc. 111.6.8 Puc. 111.6.9

5°. Ilemaeil eucmepestica Ha3piBaeTCs KPUBas 3aBUCUMOCTH
H3MEHEHHs BeJHYHHBl HAMarHHUCHHOCTH (DePpOMAarHUTHOIO Te-
Jla, TIOMEIIEHHOTO BO BHEIHee MarHHTHOE NoJe, OT H3MEHEeHHR
MHAYKIHH 3TOF0 Noasi OT +Bg/te 10 —Bg, /e 1 0BpatHo.
3naueHne -+ B,/|ty COOTBETCTBYET HAMATHHUEHHOCTH HAChILe-
Hus [, (n. 2°) (puc. 111.6.9). Ecau npomecc HaMarHHYUBaHUSA
deppomarsernxa A0 HachmeHus (rouka a Ha puc. I111.6.9)
npoHCXoauT no KpuBoit Oa, TO npH JanbHeleM yYMeHbIIEHHH
Bo/p, Bemiuupa HAMATHUUEHHOCTH H3MEH7ETCH 00 KPHBOH
alp. Ilpu By=0 y deppomarseruka OCTACTCS HEKOTOPAS BEJU-
YHHA ocmamounoldl HamazHudenHocmu Igp. Dro osHauaer, 4TO
y $eppoMarHWTHOrO Tesa CYIIECTBYeT cOGCTBeHHOe (BHYTPEH-
Hee) MarHUTHOE [0Jie DU OTCYTCTBHH BHELIHEro [oJs.

Hast Toro uTofsl NOJHOCTBHIO PA3MATHHUTHThL (PEPPOMATHHUT-
HOE TeJIO, HeOOXOAHMO H3MEHHTD HanpaB/eHue BHEIHEro o,
Ilpy HekoTOpPOM 3HAUEHHU MATHUTHOH HHAYKUHMH — B, KOTO-
pofi coorsercTByeT BennunHa —B, /1o, HasbiBaeMas Kospyunus-
Hott (3a0epoicusaiouelt) cunoti, HAMarHHYeHHOCTb | TeJa craHer
paBHoO#i Hymo. [lpu nanpHefneM yBeJNHUCHHH HHAYKUUH BHELI-
HETO MarHUTHOIO TOJSl B HANpaBJAEHUM, HPOTHBOMONOAHOM



6.5. ®EPPOMATHETU3M 283

NepPBOHAYAJIbHOMY, BEJUUNHA HAMAarHMUEHHOCTH CHOBA LOCTHI-
HeT HachlleHHs (TOYKa b). YMeHblIEHHEe BHEIHEr0 MaTHHTHOTO
TOJIST 10 HYJS M JajbHeilllee ero ypeauuyeHye 10 3HaUeHUd Be-
JIMUMHBL Bo/po= B, /o TPUBOLAT K 3aMKHYTON, CUMMETPHUYHOH
OTHOCHTEIbHO TOUKH O KPHBOH — nersie rucrepesuca.

6°. KospuntusHast cusa u ¢opMa meTyiv rucrepesiica xa-
PaKTEPH3YIOT CROMCTBO (PepPOMATHETHKA COXPAHSITh OCTaTOYHOE
HaMaTHHYMBaHHE H ONpPENeNSiOT HCNoJb30BaHue eppomartie-
THKOB JJIl PasiHuHBIX 1lesell. PeppoMarHeTHKM ¢ HIMPOKOH
NeTJeN THCTePe3nca BasbIBAIOTCS JeCKUMU MABHUMHBIMIL MO~
mepuaramu (yTaepoAucTEe, BOAL(PAMOBLIE, XPOMOBBIE, AaJIo-
MHHHEBO-HHKEJIeBHE U ApyTHe cTann). Ol ¢6aagaior 60JbILoH
KOSPUHTUBHOH CUJIOH N HCHONB3YIOTCA JANIST CO3MAHUS NOCIMOAH-
HblX MA2HUMO8 Pa3anyHoil GOpMEL (HOJOCOBHIX, NOAKOBOOOpAs-
HBIX, MATHUTHBIX cTpeniok). K msaexum masHumrsim mamepua-
Aam, 0012]a10IUUM Manoll KOSPLUHTHBHOH CHJOH M Y3KOH neT-
JIell THCTepe3uca, OTHOCATCA JKeJe30, CIJIaBhbl JKeje3a ¢ HHKe-
JeM. DT MaTtepuanbl UCIOAb3YIOTCS A/ U3TOTOBJIEHHS Cepley-
HHKOB TpaHCpOpMaTOPOB, TEHEPaTOpoB H APYTHX YCTPOHCTB,
110 yCAOBUAM paboThl KOTOPHX NPOUCXOMUT nepeMarHuyusanue
B NepeMeHHBX MarHUTHHIX noJisx. [lepemarnnunsanue deppo-
MarHeTHKa CBA33HO C MOBOPOTOM obsacTelt caMONpOH3BOIbHOIO
HamarauuuBanug - (n. 8°). Pa6ora, Heofxomumas 1Js 3TOTO,
COBEpLIAeTCsl 3a CUET DHEPTHM BHEIHEr0 MarHWTHOTO MoNsf
(IT1.5.7.2°). KoauuecTBOo TERNOTH, BHeNsiioulefics Npu nepe-
MarHHYHBaHHM, NPONOPUHOHANBLHO INICWIAAM IIETJAH THCTEpe-
3uca.

7°. Ocofnie cBoficTBa (eppoMarHerika O6GHAPYRHBAOTCS
TOJBKO IpU TeMNepaTypax, MaHbUIMX HEKOTOPOH, Ha3bIBa€MOH
memnepamypoti (mouxod) Kwpu Og. Ipu T=Og ¢eppomar-
HUTHBIE CBOMCTBA HCUE3a10T ¥ BEUIECTBO CTAHOBUTCS NapaMarHe-
tukoM (111.6.4.1°). Touka Kiopu Ok ans xenesa paeua 770 °C,
Juis Hukess 360 °C, a ans nepmadinos 70 °C.

8°. T1pu Temneparypax T<<Oy mo6oe beppomMarunTHoe TeJO0
COCTOHT U3 G0OMEH08 — MaJbIX obJacTell ¢ JuHEHHBMYU pasMepa-
mMu nopsiaxa 1072—1073 cM, BHYTPH KOTOPHIX CYIECTBYET HaH-
Gospliast BeIMYHHA HAMarHHYEHHOCTH, paBHasi [, — HaMarHu-
YEHHOCTH HacblmeHusi (n. 2°). JlomeHbl HasbIBawOTCS HHaue
06AGCMAMU  CAMORPOUIBOABHOU HAMASHUYEHHOCITIU.

OGpasopanie JOMEHOB OGBACHAETCS CJIEAYIOHHM OGPasOM.
Y aroMoB mnepexoiHBLIX METaJIOB HMEIOTCS He3anoJHeHHbIe
3J1eKTpOHHble 06Gosouku (VI.2.8.6°), B KOTOPHIX CIHHLI 3/€KT-
POHOB He noaHoctblo ckomnexcupoBanel (111.6.1.6°). Ecan B
KPUCTAJNINYECKOH PEIEeTKE B3 TaKHX aTOMOB BBINOJHSIETCS YC-
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aosue d/a>=1,5, Tae d — uaMeTp aroma, g — ANaMeTp He3a-
MOJHEHHOr0 CJOS, MeXAy HECKOMICHCHPOBAHHLIMU CITIIHAMIL
Bo3HnKaer ocofoe Bzaumonciicreue *). B pesyawrate sroro
B3aMMOJEHCTBHSA CIIHHBI 3/IeKTPOHOB OPHEHTHPYIOTCA napad-
JIeJIHO APYT APYTY BHYTpH HeGosbwinX ofiacTell — JOMEHOB.
BuyTpu snoMeHa BOSHHKaeT BechMa CUJIbHOE MATHWTHOE NOAE,
TAK UTC JOMEH OKa3blBAeTCs HaMarHHUMEHHBIM A0 HACHILEHHS.
Kaxkablii goMeH, KpoMe TOro, XapaKTepusyercst onpenesiednm

B

Puc. 111610 Puc. FHI1.B.11

3HAueHHEN H HanparJdeHneM BEKTOPA MarHHTHOIO MOMEHTA
P,,. Bcero nomena **) (puc. 111.6.10).

9. B OTCyTCTBHE BHEWHET0 MATHHTHOTO I0Msl BEKTODHI
MATHUTHLIX MOMEHTOB OTICALHBIX 10MEHOB OPHEHTHPOBAHH
BHYTPH deppoMarteTusa coBeplueHHo Gecnopai0dHo, Tak 4To
CyMMapHbil MarHUTHBIT MOMEHT BCero Teja paBer  HYJo
{pac. 111.6.11). Tloa binsaHuem BHEIUHETO MarHHTHOIO [0/
B d)eppoMarHETHKAX NPOHCXOAUT MOBOPOT BIOJb NOJAH MArHUT-
HBIX MOMEHTOB He OTHEILHBIX 4TOMOB HJU MOJEKYJ, KaK B
tapamvarsetrdkax ([11.6.4.3%), a ueasix obaacreir camonpous-
BOJILHOH HAMArHHUeHHOCTH — A0MEHOB. [IOBOPOT BAOADL NOAA
BexTopos P,, UPOHCXOAUT NpEXKA® BCETO B TeX AOMEHaX, Y
KOTOPBIX Ranpas/ienne P, Hanfojee GJIU3KO K HanpaBieHHIo
BekTOpa “aAyknuu B, suewHero nons. [losToMy Beauduua
HamarHiueHHOCTH [ pacTer ¢ ypenudenuem B, nocTeneHHO
(puc. 111.6.7). Ilpu yBesinueHUH BHELIHETO O/ pasMeph AoMe-
HOB, HaMATHHYEHHEIX BAOJIb BHEIIHEro MOJsi, PacTyT 3a Cyer
VYMEHBILSHK DA3MEepOB AOMEHOB € JAPYTMMH OpPUeRTALisMK
pexTopos P .. Tlpu A0cTaTouHO CHABLHOM BHEIHEM MATHHTHOM
nosie Bee PeppoMarHUTHOE TEI0 OKA3hIBALTCH HaMaTHHUEHHBIM,
BemiiynHa HaMarHHYEHHOCTH JOCTHIAET MakCHMasbHOTO 3Haue-
Bus [/, — HacTymaeT MAarHHTHoe HacwliteHue (. 27).

*) KpantoBoMexaHmyeckas MPHPORA 3TOTO B3anmonelcTBus He
paccMaTpHBaeTCA B JISMCHTAPHOM Kypce (H3WKH.

**) He caegyer myTaTb MarUHTHBIH MOMEHT ZOMEHA ¢ MaCHHTHBIM
MOMEHTOM OTJEABHOrO aToMa HJH Mojexkyan (111.6.1.3%).
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10°. Ipu ymeHbmiennn uuAyKuuum B, BHemHero noss B Ha-
MarHH4eHHOM (beppOMarHeTMKe NPONCXCAUT IocTenennas je-
30pHeHTanmns obJjacrefi caMmonpoU3BOJIBHON HaMarHWYeHHOCTH.
OnHAaK0 U B OTCYTCTBHE BHEHIHETO NOJS YacTb MATHHTHBIX Mo-
MEHTOB JIOMEHOB OCTaeTCA OPUEHTHPOBAHHOI, H 3THM O6bsACHSIET-
csl CYUIECTBOBAHHE OCTAaTOYHON HaMarHuyeHHoctd (m. 5°) n
BO3MOJKHOCTb CO3AaHHKSA OCTOSIHHBIX MATHHTOB.

11°, TensoBoe JBH)KeHHe aTOMOB (eppOMarHWTHHIX Be-
IECTB CnocoBCTBYET YMEBbIIEHHIO BEIHUHHBL OCTATOYHOH Ha-
MarHnyenHocTH. JloToMy ¢ noOBHILEHHEM TeMnepaTyphl OCTa-
TOuHasl HaMarHWYeHHOCTb VyMeHbinaercsa. [lpu gpocTuKennu
TeMmneparypsl, paBro#i Touke Kiopu (n. 7°), ocrarousas Hamar-
nuuennocTb [ (puc. 111.6.9) nonHocThio ucyeszaer — ofnacty
CaMONPOM3BOJBbRON HAMATHHYEHHOCTH PaCcnajfalorcsi, N BeUlecT-
BO TepsAeT (PeppoMarHuTHLE CBOKCTBA.



Omdeanr IV

KOJEBAHHUSA U BOJIHbI

IF'arasa 1
MEXAHUYECKHE KOJIEBAHUSA

1.1. OcHoBHBIE NOHATHSA
H ONpeAe/eHUs KOMeGaTeNLHBIX NPoUeccos

1°, Koacbanuamu WK KOAeGameAbHbIMU OsUmteryuAMY ABIA-
IOTCS JABHIKEeHHs WJAM H3MEeHeHUS COCTOSIHUSI, obJajaoiiue ToH
HJIM MHOU CTENEHbIO MOBTOPSIEMOCTH BO BpeMeHu. KoneSanus
BecbMa Pa3Ho00pa3Hbl o ¢Boedl (PU3HUECKOH Npupoje: MexXaHu-

Puc. 1V.1.1 Puc. 1V.1.2

yecKue KoJieGaHus Tel1a, MojBeleHHoro Ha npyxube (IV.1.3.1°)
(npymcunneui masmuuk) (puc. 1V.1.1), KauaHust MasTHUKOB
(IV.1.4.1°) (puc. 1V.1.2), xoneGauusa crpyH, Bubpaiuu Pyu-
JIAMEHTOB 31aHHII, 3/7EKTPOMarHHUTHbe KoJjeDaHusi B KoJeGa-
tenbHOM Kourype (IV.2.1.1°) u 1p. PasnooGpasHele 1o npupoze,
Kosefanusa MOTYT MMeTp oOIliHe 3aKOHOMePHOCTH H ONHCLIBATb-
€A OJHOTUMHBLIMU MaTEMATH4YECKHMH METOAAMH.

2°. KosieGauus Ha3blBAIOTCS nepuodudeckumi, eciy 3Hade-
A QU3NYECKHX BEAMUNH, H3MEHSIOIMUXCA B IIPOIecce KoJge-
6atiH, TNOBTODPAIOTCA uepe3 paBHbIE IIPOMEKYTKH BPEMEHH.
Hanpumep, noBTOpSIOTCS: MOJI0XKeHHs MasTHHKA B yacax, ab-
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COMIIOTHOE 3HaueHMEe CHJIBl TOKA B CETH MEePEMEHHOr0 TOKA
(1V.2.2.3°) u np.

3°. Hepuodom xorebanua T HasplBaeTCa TOT HauMEHbUIMH
NIPOMEXYTOK BPEMEHH, MO HCTEUEHHH KOTOPOro MNOBTOPSIOTCSA
3HAYeHHsT BCeX BEAMYNH, XAPAKTEPH3VIOWMUX KoaeGaTesibHOe
IBHKEHHe. 3a 3T0 BPeMsi COBepIHAETCS ORHO NOAHOe KOrebarue.

YacToTol NEPHOIHYECKHX KOJeOaHHH Vv HA3blBaeTcs YHCJIO
noJHbIX KoJefaHuil, KOTOphie COBEpIIAIOTCH 33 eAUHHIY Bpe-
MEHH:

v=1/T.

Luraunecrkoti (kpyeogoti) wacmomoti nepuoIHYECKHX KoJeba-
HUli © Ha3bIBA€TCS YMCJIO NOMHLIX KoJMeOaHHi, KOTOphle COBEp-
WIAIOTCH 33 271 eMHHUIL BpEMEHH:

o=2nv=2n/T, orkyaa T =2n/e.

4°, YacTHbIM clyyaeM NepHOANYECKHX Ko/ieGaHni SBASIOTCS
eapmoHudeckue xonebanus, B KOTOPEIX Kosebmomiascs pusnye-
CKasi BETMUMHA X U3MEHsieTcs ¢ Teve-
HYleM BPEMEHH 10 33aKOHY
x=Asin (0! + @), (%) T

S
rae A, ® B (g — NOCTOSTHHHIE BEJH- A

ypHe, npuyeMm A>0, 0>0. Benuun- 7 L2 "7
Ha A, paBHas HauGoabiieMy abco-
JIIOTHOMY 3HaueHHio Kojebmwoulelcs
(HH3HYECKON BEJIMYHHEI X, HA3HIBAETCS
amnaumyood KonaeGaHus. Brpawme-
e ot -+ ¢o==® onpexenser sHave-
HYe X B AAHHBI MOMEHT BpeMeHH M
HasLBaeTca ¢hasol KoaeHanus. B MOMEHT Hauasla oTcuera Bpe-
menn (¢=0) dasa paBHa HavarbHOU (ase @,.

HHorjna BMECTO 33BHCHMOCTH (%) HCMOAb3YETCS BhIpa:KeHHE
x=A cos (of-+¢;), oTIMyaolieecss OT (¥} HauanbHOH (asol
(PIZ(PO—JF[/2.

Tlpocreiitnum npHMEpoM rapMOHHUECKOTO KoJ1efaHnus ABJAs-
eTcs KojeSanue x no oc Ox NPOeKIHH KOHUA painyc-BEKTOpa
TOUKY, ABUIKYILedcd no okpywuocTH paiuyca A. [lpu (=0
panuyc-sektop OB cocraBasier ¢ ockio Oy yroa ¢,, a 3a Bpema
? ONHCBIBaeTCH Yrogi of, Tak 4TO B NPOH3BOJbLHEIH MOMRHT Bpe-
MeHn x=A sin (wi+¢,) (puc. 1V.1.3).

5°. C80600HbIMU KOACOQHUAMU HASHBAIOTCA Koaedauus, Ko-
TOPBLIE BO3HMKAIOT B CHCTeMe, He IIOJBEPKEHHOH JeHCTBHIO
NIEPEMEHHBIX BHEINHUX CWI, B pe3yJbraTe Kakoro-aubo oxHo-

&

Puc. IV.1.3
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KPATHGTO HAYAIbHOIO OTKJIOHEHUS STOH CHCTEMBI OT COCTOSHMS
ycrofiuuporo pasHoBecus. Hanpimep, cBOGOIHBIMH SIBASIIOTCS
Kojie0anua Teaa, NOABCUIEHHOrO Ha IIPYXHHE U BBBCISHHOIO
OJHOKPATHO U3 mosoxeHuss pasHopecua 00" (puc. IV.1.1, 6),
KoneGaHus MasTHHKA, OXHAXKAL OTKJOHEHHOTO Ha yroi o
{puc. IV.1.2), Ilpn cBOGOAHBIX KOJeGaHUAK B CHCTEME BCeraa
JEHCTBYIOT CHJbL, CTPEMAULHECT BO3BPATUTb CHCTEMY B [OJO-
JkeHsle paBHoBecus. Ecau cucrema KoncepsatusHa (1.5.2.6%),
TO ODpu KoJebaHuAX He [IPOHCXOAMT paccesuuss 3Heprun. B
5TOM CJayyae cBOOOjHBIE KOJIeGaHHsl HA3BIBAIOTCA He3amyxarno-
sy, Hesaryxawomue cBofoguble KojeGaHds B CHCTEME BO3-
MOHBL JIHIOb APH OTCYTCTBHH TPeHUS H Jo0hIX APYTUX CUJ
coripoTisaeHusa. OueBHIHO, yTO HeE3aTYXalmHe KoJaeSauud
NPEACTABNAIOT meannsuposaﬂnbrﬂ eiyuall KoaeGaruil. Peann-
Hble CBOCOIHBIE KOIe0aHHS I MEXARAKE ABISIOTCH 3aTYXAIGHUIH-
mit (IV.1.7.1°). AMnauryna He3dTyXAILHK Konrefaudit He 3a-
BHCHT OT BpEMEHH M OCTAeTCH [OCTOSHHOL.

1.2, CxopocTh M YCXOPEHHEe TADMOHHURLKOTO KOALSaHU g

17 Tlog Moayaem 0 CROPGCTH TAPMOHHUSCKOro KoAebalis
TOYKH, B COOTBEICTBMH ¢ onpereieHuem ckopocty (1.1.3.27),
NOHHMARTCH H3MeHeHue AX abCOMOTHOTO SHAYCHUS CMELeHUA

o Ax
X 32 ACCTATOYHO Majnil npoMemyToK BpeMeHu: u=: lin X
A= 0

CKOpOCTh TapMOHHYECKOTo KoaefaHus, ONICHBAEMOIO yDPas-
uenpem () (IV.1.1.4°),

V=04 cos {0l 4+ @,) = v, cos (&f 4 P,) =, sin (o - 71/2 4 ¢,),

rae vy=wA ectb amnaumyda ckopocmu, TPONOPUKOHAJIbHAS
HMKIMYecKoll yacTore # ammiutyze cvewenus A (1V.1.1.4°).
CKOpPOCTb U U3MEHSIEeTCSl 110 CHHYCOHIA/JbHOMY 32KOHY C TAKHM
xe nepuogom T, 4To u cMmemieHue x. Pasza CKOPOCTH oriepexaer
a3y cmewenus (IV.1.1.4°) va /2. Hanpumep, cKopocTrs npy-
KHUHHOPO MagTHHKA MaKCHMaJNbHa U 10 a0COMIOTHOH BeJUYHHE
paBHA AMIVIATY/E CKOPOCTH B MOMEHT [POXOXKACHH I MASTHIKOM
nojoxenusa pasHoBecus (x=0) (puc. IV.1.1, o). Ilpu maxcu-
MaJbHBIX CMELIeHUX TPYKUHHOrO MastHUKa {(x==4A) cxo-
pocth passa mymo (puc. 1V.l1.1, 6).

2°. Tlox mMopyJsieM yCKOpeHus @ rapMOHHUYECKOro Ko.1e0aHus
TOUKH, B COOTBETCTBHH ¢ omnpeneieHnem yckoperus (1.1.4.2°),
NIOHHMAETCSl MOAY/b AU H3MEHEHHS CKOPOCTH I'apMOHHYECKOrO
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KO/1e0aHHA 3a €IMHUIY BPEMEHH:

VYcKopeHiMe rapMOHHYECKOrO KosebaHus], OMHCBIBACMOrO ypas-
Herues () (IV.1.1.49),

= — m*4 8in (of + §,) = — a, sin (of + ¢,) = — 0%,
HIH
a==a,sin (of + 7 4 @),
Tae a,=0*A ecTb amniumyda yckopenus, NPONOPUUOHANLHAA

KBaapary HUKJHYECKOH 4YacTOoThl H AMIVIHTYJE CMELHUA X
(IV.1.1.9).

YcKkopeHHe @ HSMeHsIeTCd MO CHHYCOHAANbHOMY 3aKOHY C
TakuM e mepuonom 7, uTo H cMmeienue x. Pasa ycKopeHus

&va

onepexaer a3y cmeuleHdsa x Ha nt (puc. IV.1.4). Hanpuwmep,
YCKOpeHUe NPYXKUHHOTO MasiTHiKa (puc. 1V.1.1) pasuo nymo
NpH [POXOXKAEHHH MAasiTHHKOM TIIOJIOKEHHs PpAaBHOBECHH H
AOCTHTaeT MAaKCHMaJbHBIX 3HAuCHHH, PaBHBIX aMIVIUTYAe yc-
KOpeHus, NPU HauGOJbUIHX CMEWEeHHSX [PYXHHHOTO MasT-
HuKa (x=g=4).

YckopeHHe NPYKHHHOTO MaATHWKA BCETAa HanpapJeHO K
TNOJIOKEHHIO €ro PaBHOBECHS: YAAJIAACH OT MOMOXKEHHS PaBHO-
BECHs, MasTHHK ABHMKETCS 3aMelJIeHHO, npHOJiXKasich K He-
My — yckopenno. Ha puc. 1V.1.4 npusesersl rpaduxu sasu-
CHMOCTH OT BPEMEHH ! CMELIEHHS X, ¥, H @ B MPEANOJIOKEHUH,
4TO HayaJjibHasa ¢asa @,=0.

3°, Ecau cMeulenye x H3MEHsIETCs ¢ TeIEHUEM BPeMEHH [0
38KOHY rapMoHudYeckoro KoneGamua (IV.1.1.4°), 1o Mogynb
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YCKOPeHHsl a BCerja NPAMO NPONOpuHOHasieH abCoOTHOMY
3HAYEHHIO X, @ HAaNPaBJieHHe YCKOPEHHS BCETIA NPOTHBONOONK-
HO HaTpaBJEHHIO uaMeHenusi x. Popmyaa a=—w?x cnpases-
JIMBa /11 MOGHIX TapMOHHUYECKHX KOJEOaHNH # MOMKET CIYXKHTh
onpelenenieM Takux Kosebanui.

3anava 1. Touka coBepiiaer rapMoHHueckHe KojeGaHus ¢
nepuonom 2,0 c¢. Amnnryna kKoneGanus 10 cm. Hafirn cmeme-
Hue, cKOpocTh M yckopenne Toyku cnyers 0,20 ¢ nocne ee
NPOXOKJIEHUsT uepe3 mnoso)keHue paBHoBecus. Hauwano xose-
6aHus COBNAJANO C HOJNOKEHNHEM PaBHOBECHS.

Hano: T=2,0 ¢, A=10 cM=0,10 M, 1=0,20 c, @,=0.

Haiimu: x, v, a.

Pewenue: Cvmenienne x Koyebmoueiicss TOURU

x=A.sin(of-+ @), x=A sin-gﬂt,

T
2 180

x=0,10sin<— . 0,20 Mm=0,10sin 36° M ~ 0,059 M.

CKOpOCTb TapMOHHYECKH KoJeboieficd TOUKH
v=wA cos (of + ¢,),

v=—-2—-TglAcos£°lt 23140]0 cos 36° m/c & 0,25 m/c.

Yckopenne B MOMeHT ¢

4n?

a=— &*Asin (of + @) =— 0%, uMm a=— X

45140
la|=

- 0,059 wm/c? ~ 0,57 m/c2.

3anaua 2. Cepeauna KoseG/IOMWENCs CTPYHBI HMeeT MaKCH-
ManbHoe yckopenue 2,02-10° m/c?. OnpenennTb YacToTy Kose-
Ganuil, ecan amnnutyaa xoneGanuit 2,00 mm.

Hano: a=2,02-10% wm/c?, A= 200 MM=2,00-10"% M,

Haiimu: .

Pewenue: Makcnmanbhoe yCKOpeHHE COOTBETCTBYET MaKCH-
MaJIbHOMY CMELEeHHIO TOYKH OT IOJIOKEHHsT DPaBHOBECHSA:
J@uanc| = 02A=4n2v?A, oTKyna

| mae | YA S _
l/ a4 V=V 3w 500.70-3 ¢ 1~ 160 ¢~
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1.3. Tapmonuyeckue KoJeOaHHSI NPYKHHHOrO MAATHHUKA

1°. B cocrosiunu PABHOBECHs MDYXKHHHOTO MaATHHKA
(IV.1.1.1°) cuna tsaxectu G, jeficTBylolnas Ha Hero, ypasHo-
pewuBaercs cuwioit ynpyrocty F (11.7.2.2°) pacrsuyroit npy-
*uubl (puc. 1V.1.1, @). Ecin BeIBeCTH T€10 U3 NOJIOXKEHHS pas-
HOBECHs1, CMECTHB €ro BHH3 BJo/1b oclt Ox Ha paccTOosiHHE X, TO
MasiTHUK HAYHeT COBepIaTh CBO- 4
Gonubie KoseGanus (IV.1.1.5°)
HOA AefiCTBHEM CHJIBI YIIPYTOCTH
npyxuusl F, xotopas Hanpas-
JieHa B CTOPOHY, IIPOTHBONO- ,
JIOWHYIO CMEIIEeHHI0 MasTHHKA
(puc. 1V.1.5, a, 6). [lo 3akony
I'yxka (1.2.9.4°) cuna F npsmo
NpONoOpLHOHAJIbHA a6COMIOTHO-
My 3HAYEHHIO CMEIIEHN X MasiT- a
HUKA M BCer/a HanpasJieHa K M0- Puc. IV.1.5
JIOXKEHHIO paBHoBecus. Takue
cuJbl B KosneGareNbHBIX JABHMKEHUAX HA3BIBAIOTCA 8038PAUI0-
UMy curamu.,

2°. Ecsin Havasio KOOpAMHAT COBMAAaeT C MOJIOKEHHeM PaB-
HOBeCHsl MPYXHUHHOTO MAasiTHHKA, a och Ox HampasJ/jieHa BHH3
(puc. IV.1.5), To no saxkony I'yka

F = —Fx,
rae F — jeficteyiomas cuna, x — abCoOMOTHOE 3HAYCHHE CMe-
[IeHUs] MasiTHUKa, R — Koaqxpuunem KBa3UYNPYrof CHJIbI
(1.2.9.4°).

3°. Tlo Bropomy sakony Hbiorona (1.2.4.1°)

F =ma,
FAE m — Macca Teja NPYKHHHOTO MAATHHKA, @ — €r0 YCKO-
peHHe, Uau

L ix— wix, Tae w"‘~—k
== k= oXy TJ 0 == e

Corntacuo I1V.1.2.2° npyxunHbf MasTHHK COBEpIIAeT CBO-
GojiHBle rapMOHHYECKHE KoJeGaHHsi ¢ UUYKJIHYECKOH 4acCTOTOMH
0, (cobcmsennan yukauueckas wacmoma cgo600Hbtx KoAeOaRULL):

E
= 1/7

Tlepuox xoseGauuii
T =— =2n ]/
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3anasa. CnupaiabHasi IPYXMHA MO AeHCTBHEM MOABELIEH-
HOTO K heil Tpy3a pacranyJack Ha 6,5 cm. Ecmi rpys orrsiyts
BHM3, & 34TeM OTHYCTHTb, TO OH HayHeT KojaeGarbesl BAOND
peprukajpHoll iHun, Onpeneants nepnoi XoneGanusa rpyaa.

Hano: x=6,5 cmM=6,5+1072 11,

Haiimu: T.

Pewerue: CuntaeM, uto Tpy3 COBEPIAET TapMONMYECKHE
KoneBGauns ¢ nepuogom Tt T = 2n —’ki, rpe  m — Mmacca
rpysa, k— KoaxpullieHT kBasuynpyrofi cuan. Moayan cnibi
TAXECTH B IOJOXKEHHM DaBHOBecusi rpysa OyjeT paBen MOAY-
JIO YOPYrofl cuibl: mg==Fkx, oTKyaa

I aave FE. 10-2
p=2E, T2 )X, 723141 B c—0plc.

1.4. F'apMoHKueckue KoseGaHHA MaTEMaTHYECKOTO
MasiTHHKA

1°, Mamemamuieckum MASMHUKOM Ha3bIBAETCA MaTePHANb-
Hasl ToukKa M, mnojBeuleHHas Ha HEBECOMOH HEPACTSKHUMOH
HHTH H COBEpIIAOUlas [BHMe-
HH€ B BePTHKAJAbHOH IJTOCKOC-
TH NOJA AeACTBHEM CHJIBI Tsi¥keC-

i ™0 G. B nosoxenun parHoBe-
CHs1 JABE CUJbI, AEHCTBYIOUIHE

Ba- MaTepHaJbHYIO0 TOUKY: CuJja

tsrectd G=mg (1.2.8.3°) u cu-

AFy Ja Harvsakedus Hutu F; ypas-

M HOBEIUHBAIOT APYT Apyra (puc.

% IV.1.6). Ecru orkaonuts Ma-
Yo ATHUK U3 NOJOKEHUS DaBHOBE-

CHA Ha Manblii yroa @, TO CHJa
Prc. 1V.1.6 Puc. 1V.1.7 TaxkecTH G ¥ cuna narsyxenus
Fy 6yAyT HanpaBieHbl nox yr-
JoM APYT K APYFY, H OHH He YPaBHOBEMHBAIOTCA.
2°, Boappaujatomeit cuoit (1V.1.3.1°) nas maTeMaTnueckoro
MafTHHKaA sBAsercs coctaBisiomas F ero cuibl Taxectd mg,
paeHas (puc. IV.1.7)

F=mgsina.

Ilpu Manmx yraax oTkJoHeHus sinocma————xl-. Yaurbl-
Bas, YTO HanpaB/€HHE CMEIEHHA M BO3BPAIAIOILEH CHJBL
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NPOTHBOMOMONKHEL, OOMYYUM

F= ~mg-’;—,

rjie ¥ — abcoMOTHOE 3HAaUeHHe CMEEeHHsA MAFTHUKA U3 MOJO-
EHAA PABHOBECHS.

3°. M3 nocieguedt Gopmyast n. 2° BHAHO, YTO YCKOpeHHE
MaaTHHKA

a:—-gT X =— WX,

rae oi=g/l.

Conocrasiienne ¢ IV.1.2.2° nokaswisaer, uTo Manble KoJe-
0aHuA MaTeMaTHUECKOro MasfTHHKA SBJSIOTCA CBOGOLHBLIMHU
rapMoHHYECKHMU KOMeGAHUAMH C COBCTBEHHOM HMKJIHYECKOM
YacTOTOH M, = l/g/l .

[Tepuog ManblXx KosjebGaHHH MAaTeMAaTHYECKOTO MasTHHKA
T =2n/0, = 2n V [/g e 3aBUCHT OT MacCH MANTHHKA W aMILIU-
Tyasl ero Konebanufi. Habnonenusa Haj KoneGaHuAMH MaATHH-
KO3 HCHOJAB3YIOTCA JJA  ONpeAeteHHs YCKODEHUS g CUJIbl
Taxectn (1.2.8.47).

3anaqa. MaTtemMaTHuecKuil MasTHHK ¢ MEePHOAOM KoJsefaHus
2,000 ¢ umeer aauny 0,9973 m Ha mupore r. ApXaHrenbcKa H
0,9952 M Ha wupore r. JlonpoHa. Onpenenuts yCKOpeHHue CHIH
THKECTH, COOTBETCTBYIOIIHE 3THM LUHPOTaM.

Hano: T=2,000 ¢, [,=0,9973 ™M, [,=0,9952 m.

Hadmu: g,, g,.

Pewernue: MatemaTHyecKuilt MasTHUK HMeeT MePHOJ KoJje-

Ganun T =2n} 1/g; orciona
4n?! 4.3,1422.0,9973

4.3,1422.0,9952
gy=—""F""m

Jc?=9,882 m/c?,

/e =9,812 m/c?.

1.5. JHeprua rapMOHHYECKOTO K0J1e0aTeNbHOro
JABUXKEHHA

1°. TIpH rapMOHHYECKHX KOJeOAHUSIX NPYHKUHHOLO MafT-
Huka (puc. IV.1.1) npoucxopar npespaileHnsa OOTEHIHAMbHOR

IHEPIHU Ynpyro AedGopMHPOBaHHOrO TeJa l7==£;f5 (1.5.3.6°)

2
B €r0 KUHETHYECKYIO 3Hepruio =-'%'— (1.5.3.3°), rae k —
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Kosbuunent kBasnynpyroit cuas (1.2.9.4°), x — a6comornoe
siauyeHne CMeIleHHsl MasfATHHKA H3 TOJOXEHHS PaBHOBECHSA,
m — Macca MasiTHHKa, U — ero cKopoctb. B coorBercTBiu ¢
IV.1.1.4u IV.1.2.1°

Il= Eﬁ- = -’5'-4— sin? (f -+ @),
= mTv“ = m“)QA cos? (f + ¢).
2°, Tlonnas aHeprnﬁ E npymnm{oro MasiTHHKA
2
E=I B

Tlpespamenus 3Heprun NpH KoJNeGaHHAX NPYKHHHOTO Ma-
STHHKA TIPOHCXOAAT B COOTBETCTBMH C 3aKOHOM COXDPaHeHWs
MeXaBHYecKOH 3Hepruy B KOHCepBaTHBHOH cucreMe (1.5.4.1°).

Tlpy jBMKEHUH MasTHMKAa BHH3 WJIH
U/ BBEpX OT NOJIOXKEHHSI PaBHOBECHs €ro
NOTEHIMAa/bHAs 3HEPrusl yBeNWYHBaeT-
cfl, a KHUHeTHyecKass — YMEHbluaercs.
Koraa MasTHHK NOPOXORHT TNOJIOXKEHHE
paBHoBecus (x=0), ero noTeHmuaabLHAs
SHeprusi paBHa HYJI0O M KHMHETHYEeCcKas
9Heprus 'MasTHHKA HMeerT HauGosbluee
3HaueHHe, paBHOE €ro NOJHOH 3Hepruu,
Puc. 1V.1.8 3°. Tlonsas 3Heprusi rapMOBHYECKUX
Kosie6aHuil NPYKHHHOFO MadgTHHKA NPO-

NOPIMOHa/bHAa KBaApaTy aMIINTYAB KoneGaHuii:

2 2 A2
E_kA mw?A

=77

E

L)
-
s.

R e 00 st e e
N SR

0

%

Ha puc. 1V.1.8 npusezen rpadguk norenuyuanbHofl SHepruu yn-
PYTHX KoneGaHMI NPYXKWHHOTO MasiTHHKA M OTJIOKEHO 3Haue-
nue E ero monnoi suepruy. M3 pucyHka BHMIHO, uTO 3HaueHHe
AMIVINTYAB KosneBannit x=-4-A paBHO CMEIIEHHIO MasTHHKA B
«TOYKaX mnoBopora» B n C — KpallHHX TOYKaX OTKJIOHEHHS
MasTHHKa OT NOJNIOXKEHUS paBHOBecHs. AMIINTYIa KoseGaHuil
MasITHHKA C 33J]JaHHOH Maccoil M KO3(pUIHEHTOM KBa3uynpyroi
CHJIHL OIpefeNIfeTcsl 3anacoM ero NMoJIHOH Hepruu:
4 2E 1 2E
h= ) m
4°, Ceezienns 00 sHepruu Kojebaumii IPYKMHHOTO MasiTHHKa
UMEIOT o0lliee 3HaueHHe U CNpaBelJIuBL A/ CBOGOAHEIX TapMo-
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HHYECKHMX He3aTyXaruiuX KoJeGaHuil B J1000H KoaeGaTesabHOM
CHCTEMe, T[€ COBEPIAIOTCH KOJeOaHHs YKAa3aHHOTO THMaA.

3anava. TIpyKaHHBIH MafTHUK COBEPIIAET rapMOHHYECKUE
Kosebanust ¢ amnautyaofl cmeumenus 0,04 m. Ilpun cmemenuu
0,03 m cuna ynpyroctu paBHa 9-10~% H. Onpeaenursh noreu-
UHaJbHYI0 U KHHETHUYECKYIO SHEPrHH, COOTBETCTBYIOIHE JaH-
HOMY CMEHIeHHIO, H MOJHYIO SHEPTHIO MasTHHKA.

Hano: x=0,03 M, A=0,04 M, F=9-10"8% H.

Haimu: 11, K, E.

Pewenue: Tlomnas sueprus mastHuka pasHa E=K--1I,
rae K — xuueruueckas sueprusi, /1 — noTeHIMasbHAS 3Hep-
rusi, Ho E=kA?%2, rae k — KO3(pQUUHEHT KBa3HYIPYTOH CHIBI,
onpezensiemblit no cune ynpyrocta F : k=F/x, rae x — a6co-
JIIOTHOE 3HaYeHHe CMEIEeHUs .

Torga

FAY _ 910516104 e
E::W_Wﬂ}{(-—QAJO H)K-

Torenuuanpuas sHeprus

n_______fz’i_g__“’_ﬁ.f__‘ﬂ_’.ﬂm_—_l,gs.m-a k.

Kuueruueckas sHeprug
K=E—I=1,05-10"% Ix.

1.6, Cnomenue rapMOHHYECKUX
OAUHAKOBO HANpPABJEHHLIX KoJeGaHuMH

Ec/i MaTtepua/jibHasg TOYKA YYacTBYeT OJHOBpPEMEHHO
B JBYX TapMOHMYECKHX KOJeDaHUSX C ONUHAKOBOM LHKJHUE-
ckof gactoroft (IV.1.1.3°), TO MPOUCXORHT CAOCeHUE AP MOHLL-
ueckux Koaebanudl,
2°. B mpocreiimeM cayyae npu CAOXKEHHH ABYX ONUHAKOBO
HANpPAaB/IeHHBIX TapMOHMYECKHUX KOJeGaHHH CO CMeleHUAMU
X{ U X3 OJIMHAKOBOH UMKJIMUECKOH JacTOTH ®, Pa3JIHYalOmUXCst
CBOUMH aMmIUTHTyAaMu cmemenust (A; u A,) ¥ HaYabHLIMH Qa-
sami (p; ¥ @) (IV.1.1.4%):

= A;sin(of +¢,), xy=A,sin(of + @),

pesyJIbTHPYIOlEE rapMOHHYECKOe KojieGaHHe HMeeT CMeleHue
X=X;-+X,, NPOUCXOAMT B TOM XK€ HANpPaBJeHHH H SBJAETCH
rapMOHMYECKUM KOJIeGaHUeM TOH K€ YacTOThi:

x=Asin (ot + 9),



206 OTHEJ 1V. TJI. 1. MEXAHHUYECKHE KOJEBAHIA

rne A — aMnJHTYRa CMEIEHUs! Pe3yALTHPYIOWEro KoJeGanns,
¢ — erc navanpHast asa. A ¥ @ BHUHCAAIOTCS N0 Gopmyaam

A=V A+ AT 24,4, cos (9, — )

Ay sin ¢4 Ao sin @

Al COS +A2 cos (Pg.

3°, 08 (@,—@1) He MOKeT ObTb Gosbiue -+1 u Menbme —1,

NO3TOMY BO3MOXKHBIE 3Ha4YEeHU ST aMIJIHTY bl A szakJoueHbl B
npenenax

@==arctg

A1+A2>A>IA2—'A1|'

[Ipu 3TOM YyuuTHIBaerTcs, 9TO, 1O ONPEAEJICHHIO AMIJIHTYHbI
(IV.1.1.4°), oHa He MOXKeT GhiTb OTPHIATENLHOM.

Al

AA

Y V¥

Puc. 1V.1.9

Puc. 1V.1.10

Yacruble ciydan cJAoXeHHs KojebaHmii:

1) 9a—@i=2nn, rae n=0, 1, 2, . . . Torna cos (p;—¢;)=1
1 A=A+ A,. Ha puc. IV.1.9 noxasaHo cioxeHue IBYyX TaKuX
rapMOHHYECKHX KoJeGaHui.

2) @s—¢:=(@n-+1)m, n=0, 1, 2, ... Torna cos (ps—@,)=
=—1 u A=|A;—A;|=14;—A,l.

I'padmky 3aBHCHMOCTH OT BPeMeHH CMEIIEHHi CKJIa/bIBae-
MBIX KoJe6anuii ¢ NPOTHBONOJNOXKHEIMH HauyajlbHBIME (ha3aMu
II/IVCX\IAQULQHHH Pe3yJAbTUPYIOWEro Koe0aHHs TOKa3aHbl Ha PHC.

.1.10,
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1.7. 3atyxaiomue xonebanus

1°. Samyxaroujumu naspBaloTest KoNe6aHHs, SHEPTHA KOTO-
pBIX YMEHbINAeTcs ¢ TeYeHHeM BpemeHH. 3aTyXaHue CBOGOAHBIX
rapmMonudeckux Konebauuil (IV.1.1.5°) cBsasaHo ¢ yOGuuino
MeXaHHUECKOH SHEPTHH KOIEG/IONIeHCs CHCTEMBL 32 CYeT AefcT-
B CHJI TPEHHS H NPYFHX CHJN COIPOTHBJEHHS.

2°, AMnaaTyia 3aTyXamouiix KoJeGaHHH yOblBaeT ¢ Teye-
vHeM BpemeHH 1o 3akony A (f)=A.e~%, rne A, — nHavanbHan
aMnauTyaa KoneGaHuii B MOMeHT BpemeHu =0, omnpefesnsemMas
HauaJbHBIM 3aMacOM TOJNHOH SHEPTHH KOJIeGJIOHIerocs Tena
(IV.1.5.3°), e — ocHoBaHue HaTypaabHHX Jjorapugmos, O —
Kosahpuyenm samyxarus, XapakTepusyiowHi 6LICTPOTY yObl-
BaHUsl aMMJINTYAbl, 3aBUCAIIMA OT CHJ TPEHHS H Macch KoJe-
6aomierocs Tena. Ecnu cuna TpeHus NPONOPHUOHANBHA CKO-
poctH KonebGamuit U, T.e. Foy=—rv, tae r — Koadpuuuent
Tpenus, 10 8=r/2m, m — Macca Tena. YObBaHHe aMIIUTYAH
saTyXaomuXx KoneGanuii no sakony A=A,e~% nabmonaercs
JUIlb OPH MaJbiX 3aTyXaHHAX. 3HAUGHHA aMIIMTYL AJA MO-
MEHTOB BpemeHH ¢, {-+A#, t+2A¢ u T. 1. B 3TOM ca1yyae 06pas3yiorT
yOLIBAIOLIYI0 T€OMETPHYECKYIO IPOTPECCHIO, 3HaMeHaTellb KOTO-
poil paBeH e= %L,

3°. 3aryxaromue Kojebanus npejcTaBaqgoT coboll Henepuo-
nuueckne KosmeGanus (IV.1.1.2°), Tak Kak B HMX HUKOTJa He
NOBTOPSIIOTCA 3HAueHHs (U3HUECKUX BEJINYHH, XapaKTepu-
3YI0IUX TaKue KojeGaHusl (HampHMep, CMEIleHHs, CKOPOCTH H
yckopenust). TTosTomy K saTyxamomuM KosebaHHsIM Henmpume-
HYMbl TIOHATHA NEPUOAA ¥ UACTOTH, BBEAEHHBIE /5 MEPHONM-
yeckHX KosaeGanmit (1V.1.1.3%). :

Ycrosroim nepuodom (nepucdom) T 3aTyxawmux Kosebanui
Ha3LIBAETCSL NPOMEXKYTOK BpPEMEHHM MEXIY ABYMSI HOCHIEN0BA-
TeJbHbIMH COCTOSIHHAMH KOJIeO/IoNIelics CHCTEMbl, B KOTOPHIX
¢usnyeckue BeJIHYHHB, XapakTepusyomue KoJjeOaHHsi, NpH-
HUMalOT aHaJIOTHUHLIE 3HAYEHHS!, H3MEHAACH B OHOM H TOM XKe
HanpaBJieHuH, yOblBasi WM Bo3pacTas. llepuop saTyxarouux
KosieGanuit BHUNCAAETCA no dopmyJe

2n
T=Va=

IAe @ — CcOGCTBEHHAs 4YacToTa CBOGOAHMIX He3aTyXalomuX
konebannii (IV.1.3.3°), 6 — xospduunenr saryxanus.

Besnunna @,,, = )/ ©i— 0 HasHIBAeTCs YUKAUECKOL 4acmo-
mod samyxarouux Kosebarnuil, OHa NOKa3bBaeT, CKOJIbLKO pas
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84 1 CEKyHJ KoJeO/molieecs TeNO MPOXOAUT uepe3 MOOKEHHE
paBHOBECHA.

4°, Ilpu ycnoBuu §<Cw, saryxaromue KojieGaHHsl OMHMCHIBA-
I0TCA yPaBHEHHEM

X = Aoe_ét Sin (@4t + (Po),

rjie ¢, — HauanbHas (pasa konebaHuii, onpepesnsieMasi Haua/b-
HLIMH YCJIOBHSIMH BO3HUKHOBEHHs KoseGauuii. Ha puc. IV.1.11
u306gameﬂa 3aBHCHMOCTb X OT 1.

5°. Ilpu Gosibiom Tperuu (6>>w,) He NPOHCXOAUT 3aTyXaio-
X KoneGanuii. CucreMa, BHIBeCHHAS U3 NMOJNOXKEHUA PABHO-
BECHS KAKUMHU-JHO60 BHEIIHMMH
CHJIaMH, TOCTe MPeKpalleHus
JeHCTBHA 3THX CHJ BO3Bpaula-
eTCA B MOJIOXKEHHE PaBHOBECHS

0 i

Puc. IV.1.11 Puc. IV.1.12

anepuoduuecky (ue nepuopudecku) (puc. IV.1.12). Tpu stom
sanac MeXaHHYeCKOH HepruH TeJla K MOMEHTY ero BO3BPAILEeHH s
B MOJIOMKEHHE PaBHOBECHS PACXOLYETC Ha NPEOJOJIeHHE Tpe-
HHA.

1.8. BoiHykAeHHbIE KoneOaHust

1°. BowysicOernoimu KoaebaHUAMU HASBIBAIOTCS HE3ATYXalo-
mMe KoeGaHus CHCTEMBI, KOTOPbie BHIBHIBAIOTCS JeHCTBHEM HA
Hee BHeWHHX cua F(f), nepHoAHYECKH H3MEHSIOWKXCA C Te-
yeHueM BpeMeHu. BHIHYKAECHHBIMU ABASIOTCA KOJCGAHUA CHJIHL
TOKa B ceTH nepemenroro Toka (IV.2.2.3°), koneGauus rpeGHEIX
BUHTOB, JIONATOK M BaJoOB TYpOHH mof AeficTBHEM mnepHojuye-
CKH HM3MeHgomyXxcs BHemHHX cunt. Cuna F(f), BuispiBatowan
BBIHYKAEHHbIE KoNeGaHus, Ha3bIBACTCH 803Mywjarowels (8oiHya-
Oaroujets) curol.

2°, Ecnu sosmymatomas cuna F (f) usMeHsercsi rapMoHu-
yecku (IV.1.1.4°) no sakony

F (t)=F,cos wf,
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rae Fy — amnaiuTyaa BosMymaiomeil CHiibl, a © — €e LUKJIH-
yeckas vacrora (IV.1.1.3°), To B cucreme, Ha KoTOpYIO A€ficT-
BYET TaKasi CHJla, MOTyT YCTAHOBHTBCS BLIHYIKIEHHLIE Koseba-
HHSH, KOTODHIE SIBJSIOTCH TaKxe rapMOHHYECKHMH, NPOHCXOANT
¢ LHKJINYeCKOH JacTOTOH, paBHOH 4acToTe « BO3MYIuaouied
CHJIEI, U ONMHCHIBAIOTCA YPaBHEHHEM

x= A cos (ot + ¢,).

3neck A — aMnauTyna BHIHYKIEHHHIX KoaeGaHuil pusnyeckon
BEJIMUNHEI (Hanpumep, CMeLleHHs), ¢; — PasHocTb a3 MEXKRY

Y,

Puc. 1V.1.13

BHIHYXKIEHHBIMH KoneGauusmu x u cuioft F(f). Hanpumep,
npyununi MasTHuK (IV.1.3.1°), xortopwiii mogranxkusaercs
BBEPX NEPHOLHUECKH, uepe3 onpejiesieHHoe BpeMsi HauHeT KoJe-
Gatbesa ¢ onpenesnenHodl aMmnuutyno# (puc. 1V.1.13). Brauane,
B IIPO1IECCE YCTAHOBJIEHH S BHIHYKAEHHBIX KoJIe0aHuMH, KaK BUAHO
u3 puc. IV.1.13, Kone6Ganust HocaT CAOXKHbI XapakTep. Ilpo-
HCXOQUT HaJOXeHHe C¢BOGOAHHIX 3aTyxamuux KoseGaHui
(1V.1.7.1°) n BuHYXAeHHBIX KojeGauuii. [Tocae Toro, xak cso-
Gonubie KonefaHUs NPEKPaTATCsA, OCTAHYTCA TOJNbKO BLIHYXK-
JLEeHBHIE KoJebaHus.

3°. Ammantyna A yCTaHOBHBLINXCHA BHIHYXKIEHHEIX KoJe-
Ganpil onpeznensiercs o dopmyJe

A= Fo
e —— Y
m V(mﬁ—wz)z + 45202

rae Fo — aMnuiuTyaa BeHYXAaowei cuist (1. 2°), m — Macca
KONeGMOmeNcs CUCTEMBbl, W, — LUKJIWYeCKasi 4acToTa CBOBOA-
HHIX HesaTyxawomux kodeGanmit cucremst (1V.1.3.3°), o —
IHKJIHYeCKas YacToTa BHeWwHe#d cuibl, § — Koabduuuenr sary-
xanus (IV.1.7.2°). Tpu nocrosuusix Fo, m 1 8 aMnauTysa sel-
HY2KIEHHEIX KOJMeOaHHH 3aBHCHT OT COOTHOLIEHHA 4acTOT BHI-
?y?nammeﬁ chJibl (®) ¥ CBOGOAHBIX He3aTyXalouuX KoseGaHHi
).
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4, Tpaduxy 3aBUCUMOCTH aMIHTYAL A OT ® NpU pasnud-
HULIX KO3(xpUIHEHTax 3aTyXaHns, npuseientsie Ha puc. IV.1.14,
nocTpoetnl o popmyne aas A (n. 375.

Cneacreus u3 dopmyast in. 37

a) Ecau uuk/nyeckast 4acToTa BRHYKAAOULEH CH/IbL pasHa
Hy1o (0=0), To

F
A=Ay=-Lo
my

Hpu 3TOM KOJe0aHHA He COBEpUIAIOTCA H OTKJIOHEHHE CUCTEeMbl
M3 NOAOKEHHUS] pABHOBECUA HA3BIBACTCA CMAMUCMUYECKUM OM-
KAOHCHUEM. h

6) Ilpu oTcyTcTBHH 3aTyXaHUs (6 = #l =0 ) aMIIUTYAA BB~

HYXJIEHHBIX KosieBaHiil pacTeT C YBeJNUYEHHEM O, ¥ NpH o=
==@,, KOrja 3uaMmeHarens 8 gopmyne ana A CTadoBHTCA pas-

4

Puc. IV.1.14

HBIM HYJI0, aMNJHTYAA KoleGaHUH CTAHOBHTCA PAaBHON GecKo-
HeuocTH. [Ipu panbHefuem pocte yactorsl A yMeHbINAeTCH, .
npuyem

lim A=0.

09

B) Ecaiu saryxanue cymecrsyer (§540), To amnanTysa Bii-
HYZKAEHHBIX KO.1e0aHH# TocTHraeT HauOOAbLIEro 3HAUCHUS NPH
4acTOTe W, BOIHY MAAIOWIEH CHJBLI, HE COBIAJAIOULEH C YaCTOTOH
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cBOOOAHBIX HE3aTYXAlOWUX KoJebanuil o,
262
= ey = Vol —28 =@, ]/-1 — (f
[

5°. $IBjenue Bo3pacTaHus aMIVIMTYABl BHIHYIKIEHHBIX KoOJle-
fapnil Tpu NPUOIHAKEHNM HUKJIHYECKOH YacTOTHl BBIHYKIAI0-
1eil CUMIbI K 3HAYEHHIO @, HA3hIBAETCSA pesorarcos. COOTBETCT-
REHHO BEJMYHHA g, HA3BLIBAECTCS PE3OHAMCHOM LUKAUYECKOT
yacmomot, a KpuBLie 3aBucumoctd A ot o (puc. I1V.1.14) —
pesoHancHbimu kpustimu. Tlpu Hannumu TpeHns (8+40) peso-
HaHCHAA. WMKAHYECKAn YacToTa ®,., HECKOJIbLKO MeHbIIe COofCT-
BEHHON UMKJIMYECKOA 4aCTOTH CBOCOAHBIX 3aTyXaloWuX KoJje-

Gannit (055 =V @3—0) (IV.1.7.3°) ¥ MeHblle @¢— COGCT-
BEHHOH 4YacToTEl CBOOOAHBIX  He3aTyXawwuX KoJjebanuil
(IV.1.3.3°).
) 6°. ®opma pe3oHaHCHHIX KpUBHIX Ha puc. IV.1.14 saBucur
OT BeaMuHHb Koahduuuenta satyxanus 8. C yBenunueHueMm 8
pe3oHaHCHble KPUBHIE CTaHOBATCA GoJee MOJOTHMH, YMeHblIa-
€TCs «OCTPOTA» KPUBLIX H 3HAYEHHE aMIUTYABl Ay NPH 0=
(opes.
. SIBnenue pesoHaHca MCNONb3YETCA B aKyCTHKE — Lif
auaJau3a 3BYKOB, HX YCHJEHUS H T. A.
Ton neficTBHeM TIepHOAWYECKH H3MEHHAIOUMXCSH HATPY30K
B MAIIMHAX M PA3JHUHBIX COOPYKEHHSX MOTYT BO3HHKHYTb fB-
JIEHHS Pe30HaHca, KOTOpbie HHOTAa ObIBAIOT ONACHBI AAS IKC-
nayaTtaudu MammH,

1.9. ABToKoJNe6aHUA

KoneGatennnas cucrema, copepuiaiounas He3aTyXaio-
mye Konebannusa 3a cuer JeHCTBHS MCTOYHHKA SHEPruH, He 00-
Jajawouero  Kose6aTenbHbBIMH CBOHCTBAMH, HA3bIBAETCH a6HO-
Koaebameavtiol cucmemodi. Tpn-

MEepOM TaKOH CHCTEMBI IBJISIIOTCS Dspamnas efirsn
yachl ¢ aHKEPHBIM XOOM (1. 5°).

2°. Jliobast aBTOKOJ/I€6aTED- ”g%%ff Raanan | febamens-
Has CHCTeMa COCTOMT W3 YeTH-
pex uacreit (puc. IV.1.15), Pue. 1V.1.15

a) KonebatenbHaa cucrema.

6) McrouHnk 3HEPrMH, KOMNEHCHPYIOWMA NMOTEpH SHEPruu
Ha 3aTyXxaHue KoJjebanui 3a cyeT TPEHHS UJR APYrHX CHJ CO-
[POTHB/IEHN S,
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B) Knaman — ycTpoficTBo, KOTOpOE peryaupyer HOCTYyn-
JieHUe SHeprHH B KoJieOaTeJbHYI0 CHCTEMY OnNpelefeHHhIMH
HNOPLUAMH.

r) ObpaTHasi cBfA3b — YCTPOACTBO JANsi 06paTHOro Bo3leHcT-
Bi{sl aBTOKoJieOaTe1bHON cHCTeMBl Ha KJjanaH, ynpasJiesus pa-
GoToil KsanmaHa 3a CYeT IIPOLECCOB B
caMoil KoJie0aTeNbHOH CcHCTeMe,

3°. O6pamnas c6a36 HA3LIBAETCH NO-
aoncumensvrol (ompuyamensroii), eciu B
TeueHHe BpPEMEHH BO3JEHCTBHA HCTOY-
HHMKa 3HEePrHd Ha KoJebaTeNbHYIO CHC-
TEMYy MCTOYHHK SHEprdM HPOH3BOIUT
Haj CHCTEMOH MNOJOKHTEJbHYIO (OTpH-
HaTensHy0) paboty W nepenaer el (or-
HHMaer OT Hee) HEKOTOPHIH 3anac 3Hep-
rud. [losoxurenoHasa obpatrHasi CBs3b
HCIonb3yeTcss IS BO30YXIEHHs] aBTo-
KoaeOanuii. B cayyae otpuuarensnoit
0oGpaTHOH CBSI3M YCHJIMBAETCS 3aTyXaHue
H aBTOKOJieGaHUA NOAABJSIOTCHA.

4. ABTOKOJI€6aTEILHBIMA CHCTEMAMH
AIBJIAOTCS, Hanpumep, vackl (. 5°), na-
poBble MallMHbl M JIBUraTe/Nd BHYTPEH-

Puc. IV.1.16 Hero cropauusi, OTGOHHBIE MOMNOTKH,
aNeKTpUYecKHe 3BOHKH. ABTOKO/e6a-
HHSL COBEpPIIAOT CTPYHBI MOX JeHACTBHEM CMBIYKA B CKPHIIKe,
BO3/yilIHble CTONOB B TPy6ax AYyXOBBIX HHCTPYMEHTOB, f3bIY-
K¢ B GasiHax ¥ aKKOPJEOHAX, ToJIOCOBLIE CBASKH NPH pasrosope
HJH TeHuH. DNeKTPHYECKOd aBTOKO/Me(aTe/bHOH cucTeMO#H
ABJIACTCS JAaMNIOBEIH [eHepaTop He3aTyXAIOMUX JIEKTPHYECKHX
konebannit (IV.2.9.1°). B page ciayyaes mexanusM o6paTHOH
CBSAI3K B aBTOKoJe(aTebHON CHCTEMe 3aMacKHpoBaH W pa3bue-
HHE CHCTEMB! Ha OCHOBHbIE uacTH (n. 2°) 3aTpyAHUTE/HHO.

5°. ABToKO/IeGATEbHON CHCTEMOH SIBJIAIOTCSH 4acst ¢ aHKep-
ueiM xojiom (puc. IV.1.16). XogoBoe KoJeco ¢ KOCHIMH 3yObsimMu
KECTKO CKpeiljleHo ¢ 3y0yaTeiM GapalaHoM, yepe3 KOTOpblil
mepeKHHyTa Uenouka ¢ rapefl. Ha onHom KoHue MasTHHKA 3a-
KpernJieH aHkep (SIKOpeK) ¢ JByMsl MaJeTTaMH — IJIaCTHHKaMu
H3 TBEPJOro MarepuaJsa, H30THYTHIMH B BUJE LYTH OKPYIKHOCTH
C LCHTPOM HA OCH MAATHHKA. B pyUHBIX 4acax rups saMeHsercq
IPYKUHOHA, a MAATHUK -— GaslaHCHPOM — MAaXOBHYKOM, CKperi-
JIEHHBIM CO cOUpaJbHON mnpymuHoit. Danancup cosepiuaer
KpPyTH/bHbie KonebaHUA BOKPYr cBoeil ocu. B wacax koseGa-
TeJIbHOH CHCTEMOH ABJIAeTCS MAATHHK Miu Ganaucup. HMcrounu-
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KOM 3HEPTHW — NOJIHATAs BBEPX THPA HJN 3aBefeHHas npy-
xuna. KnananoMm siBasiercss aHKep, KOTOPHI NO3BOJSET XOHO0-
BOMY KoJieCy 3a OIMH MNOJYNEPHOJA MOBEPHYTLCS Ha OIUH
3ybeu. O6paThHas CB3b OCYIIECTBJIAETCH B3aHMOIEHCTBHEM
anxepa ¢ XoJoBbIM KoJiecoM. Koriia MasTHHK NPOXOAUT NoJo-
XKEHHE PaBHOBECHA H HMeeT HanGoJbIIYK CKOPOCTh, 3y6 X0On0-
BOTO KOJieCa KPaTKOBPEMEHHO CONPHKACaeTCs ¢ KOHIOM NaJIeTTh
H NOATaJKHBaeT MasiTHHK. B yacax noreHumanpHas 3Heprus
THPH (MM 32BOJHON NPYXHUHBI) NOCTENEHHO, OTAENLHBIMH NOP-
LHAMH, NEPelaeTcss MasgTHUKY N KOMIEHCHPYeT TNOTepH 3nep-
THH Ha TpeHHe,

F'ras6a 2
QJEKTPOMATHUTHLIE KOJIEBAHUY

2.1. Cpobonnbie 3JIEKTPOMArHUTHBIE KOJeGaHH s
B KOJneGaTeJLHOM KOHTYpe

1°. KoaebamenrvHoim KOHMYpoM HA3LIBACTCH 3JIEKTpHUECKas
I€Nb, COCTOSAMIASA H3 IOCJEeJ0BATEJ]bHO COeNMHEHHHIX KOHIEH-
cartopa c emroctbio C (I111.1.10.1°), KaTylKy ¢ HHAYKTHBHOCTBIO
L (111.5.5.2°) u snektpuueckoro conporusaenus R (111.2.4.1°)

. -
SN
£ 1 L L __.1:' A L
{;} % T T
Puc. 1V.2.1 Puc. 1V.2.2 Puc. 1V.2.3

(puc. 1V.2.1), B npocreiilueM HIeanusupoBaHHOM CJayuae,
KOTla MOXHO npeneGpeub 3JEKTPHYECKHM CONMPOTHBJIEHHEM
(R—0), xoneGaTejbHBIE KOHTYP COCTOHT M3 MOCJEA0BATENBHO
'COeIMHEHHBIX KOHAEHCAaTopa ¢ eMKocTbio C M KaTYWIKH G HH-
nyxTuenocthio L (puc. 1V.2.2).

2°. B xose6aTesbHOM KOHTYype MOTYT NPOHCXOAHTb NEPHO-
IMYeCKHe H3MEHEHHs 3apsja ¢, PasHOCTH [OTEHUHAJOB A@
‘Ha o6KJaalKaX KOHAEHCATOpa M 3JeKTPHYeCKOro ToKa I B nenu
(puc. 1V.2.3). Ecsin 5TH uameHeHns BEI3BAHH TeM, YTO OOKNANKH
KOHAGHCATOPA OJHOKPATHO 3apfAkKaloTcs, TO B KoJeGaTelbHOM
KOHTYpPE BO3HHKAIOT C60000HbIE 3AeKMPOMAeHUMHbIE KOACOAHUR
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g, I u Ag. Ha puc. 1V.2.3 noxasano BOSHUKHOBEHHE U npoTexa-
HHe 31€KTPOMArHUTHBIX KoJeGaHul B KonebaTesibHOM KOHTYpe
npx R—-0. Ecau B HauanpHblit MoMedT (=0 nepekmouaressb
P 4axolMMTCA B TIONOKEHHH @, TO KOHJGHCATOP 3apsAKaercH,
noayuas 3apaj ¢,. KougeHcatopy coobuiaercss sueprusi [I=
=43/2C (111.1.12.2°), u PA3HOCT NOTEHLHA/IOB Ag Mmexay o6-
KJ4AKAMH CTAHOBHTCA pPaBHOH MaKCHMaJbHOMY 3HAUCHHIO
Ag,. B KonebatesibHOM KOHType NpH 3TOM TOK | OTCyTCTBYeT
(puc. 1V.2.4,a). [Ipu nosopoTe nepeksouarens B nosomeHqe

a ) ﬁ ] ﬂ
I=1(, =,
¢=qi]“¢ ? ol 3 Il
Ag:qﬂ' 23 Agv—ir Ay A;o=0'[ A;zhd,v”
g-
i | :
1\ /711, . =0 [
AV i /7 Kt Ko !
-~ K ! - |b
a’ g I 2 7
PHc, 1V.2.4

b HaupHaercs paspspg Konjercaropa. Bnaronaps siBjieHHIO
camounaykuu (I11.5.5.1°) Tok B KoneGaTesbHOM KOHTYpe no-
CTENEHHO YBEIHYHBAETCA U ero CHJAa AOCTUTAeT MAKCHMANBLHOIO
anauenun I=I, B moment {=7/4, xorna ¢ u A@ paBusl HYJIO
(puc. 1V.2.4,6). anee, Tox B LenHu, COXpansis CBOE HaNpaBie-
HHe, MOCTeNeHHO yMeHbIlaercs, oﬁpaw,aHCb B HyJb IpH [=
=T/2. Ipu sTOM 3apsif KoHIeHCATOPA H PA3HOCTS MOTEHIMANOB
MeXJy ero o6KnaAKaMu BHOBb [JOCTHIAI0T MAKCHMAJBHBIX 3HA-
YEHHH, HO 3HAKM 3aPAJNOB NJACTHH M HaNpaB/eHde HalpsiKeH-
HOCTH 3JIEKTPHYECKOTO MOJS MEXKAY HHUMH NPOTHBOIOMOMKHEL
TeM, Kakue Oblin B MoMeHT (=0 (puc. 1V.2.4, ). B urore,
BCJIEJCTBHE AABJICHHSA CAMOHHAYKUHH, IPOHCXOAUT TTepe3apsaaxa

KOHJIeHCATOpa. 3aTeM B POMEKYTKH BPEMEHH OT - 10 %— T

3
H or -—-T Jo T npouecce NPOHUCXOAAT B OGpaTHOM Hampas-

JIEHHH (pnc 1IV.2.4, ¢, 9).
3°. Hccaenopanne SJIEKTPOMATHHTHBIX KoneGanuii ynoGHo
NPOU3BOAHTD, NMO/B3YACH TEM, YTO KONEOAHHA Pa3/IHUYHON npH-
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Tadnuua 1V.2.1

Mexanuyscran CHcTeMa

DNeKTPHURCKAA UEHs

Vewopenue a=

Macca m NuaykraBHocTs L
Kosdpuumenr  wsasuynpyrofl | Bennuuna, ofparuas siekrpoeM-
cuanl R kocru, 1/C
KoahdHureHT TpeHua r Conporusienue R
Cuia F 2. n ¢ &
Cusuietine x 3apax ¢
Ax Agq
Cxopocts v A7 Cuna Toka I= Y;

CKOPOCTb H3MEHEHUA CHJIBI TOKA

A

ks 4

v Y
Al At

poist — MeXaHHYeCKHe M 3/eKTPOMArHHTHBIE — MOAYUHSIOTCH
CX0/{HBIM 3aKOHOMepHOCTAM. [IpoueccaM B KosnebGaTebHOM KOH-
Type, KoTopble H3oGpawenn Ha puc. IV.2.4, a—3, coorsercr-
ByIOT A/ MaTemarudeckoro masaTtHHka (IV.1.4.1°) npeoBpaso-
BaHUA SHEPrHH, usobpawxenusie Ha puc. 1V.2.4, a'—d’. 3o
NO3BOJISIET TEPEHOCUTh Pe3yJbTaThl HCCJEAOBaHMM, KOTOpbIe
MoJIydeHsl /1 MEXaHHYEeCKHX KoJieGaHHil, Ha KosebarenbHble
npoueccsl B Koutype (puc. IV.2.1). Tlpu srom noss3ayiorcs
aHaJOrHAME, KOTOPbIE CYLIECTBYIOT MEXAY (DH3HYECKUMH BeJlH-
YUHAMH, XAPAKTEPUIYIOUIUMH MEXaHHYECKHE CUCTEMBI H 3/IEKT-
puyeckue KOHTypo (uenu) (rabauna IV. 2.1).

4, PaccmoTpenHsiit B 11, 2° mpoliecc XxapaKTepH3yercst nepu-
OAHUECKUM TIEPEXOJAOM SHEPrHH 3JIGKTPHYECKOrO HOJA KOHASH-
€atopa B DHEPrHI0 MArHUTHOrO TMOJS 3JeKTPHYECKOro TOKA
(111.5.7.1°). B momenth Bpemenu ¢=0, T/2, T u T. A. sHeprus
5J1eKTPUYECKOTO M0Js MAaKCHMaAbHa U paBHa §y/2C, a sneprus
MarH{THOTO 10JIs PaBHA HYJIO, TaK KaK TOKa B Leny Her. B Mo-

: T 3
MEHTLL BPEMEHU = w iy Turt.a. IHEPrUd MArHUTHOI'O NOAN

MagcuManbHa u pasHa LI3/2, a sHeprua aneKTPUYECKOro MoJist
pasifa HyJII0, TaK KaK KOHJGHCATOP NMOJHOCTLIO PA3psKEH.
AunanornyHo stomy, npu cBOGOAHEIX He3aTyXaIOM{KX KOJ/e-
fauuAX TMPOHCXOAUT TEPHOAHYECKHH Tepexo] HOTeHUUa bHOH
sHepruM B KHHeTHyeckylo H obpartHo. Ha puc. 1V.2.4, a'—9¢’
yKasauel IpeBpalieHHs SHeprud HoTeHuuanbHo#l (/1) u xuue-
Tnyeckolt (K) npu HesaTyXxamolKX KoneOaHHAX MaTeMaTHYeCKO-
ro MaATHUKA, COOTBETCTBYIOLIYE TPOLECCAM B KO/eGaTenbHoM
koutype. [lepemennoe saekrpomaruuthoe noje (I11.1.3.1°),
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KOTOpO€ BO3HMKaeT B KoJeGaTenbHoM KoHType puc. IV.2.1,
COCPENOTOUEHO (TOKANH30BAHO) B TOR 06/1aCTH NPOCTPaHCTBA,
rie HaxoauTcs KOHTYP. [lostomy nofoOHEI KOHTYp HasmiBa-
eTCH 3aKpuimbim W HE MOXKeT
7 GHITH HCNIOJB30BAH AJIS N3JYyUe-
HHA 2JEKTPOMAarHHTHLIX BOJH
(1V.4.4.6°).
/] 3 5°. B peanabHOM KoseGaTenb-
HOM KOHTYpe (R+0) cBoboanke
Prc. 1V.2.5 3/1eKTPOMAarHNTHBIE KoJebanus
ABASIOTC 3aryxawomumy. Ha-
HpUMEp, M3MeHeHUe 3apsaja ¢ Ha oOKJaJKaX KOHAeHcartopa
onuceiBaercss GopmyJsiof, aHAJOrHYHOH YpaBHEHHIO 3aTyXao-
IMX MeXaHuuyecKnx KoseGauuit (IV.1.7.4°):

q= qoe-—ﬁi sin (maart + (po)’

TIE §o — aMILINTYJIHOE 3HAUEHHe 3apsid B MOMEHT BPEMEHH {=
=0; p=R/2L naspBaercs koapuyuenmon samyxanus (R —
3/IEKTPHYECKOE CONPOTHBJIEHHE, L — HHAYKTHBHOCTb KONTYpa);
¢, — HauanbHas (asza konebGaunit 3apana. Ha puc. 1V.2.5
u300paXkeHa 3aBHCHMOCTb ¢ OT { B TaKOM Kose6aTeJbHOM KOH-
Type.

6°. BeanuuHa ,,, HasbLIBaeTCs YUKAUYECKOL wacmomoti c6o-
GO0HbIX sAEKMPOMASHUMHBIX KOAeGaHUL B KOHTYpe:

1 R?
o=V g1
Dot opMyJe COOTBETCTBYET JMS MEXaHHUECKHX KoJeGaHmil

¢dopMysa yacToTHl 3aTyXatomux xosebanuii (IV.1.7.3°%).
Hna csobodnoix neaamyxaroujux xonebaruid (R=0) unkau-

qgecKasna 4acrora
T
WDgay = g = ic*

Ilepuor T cBOGOAHBIX He3aTyXalWuX KoseGaHui BHIpaMa-
etcs hopmyaoti Tomcona:

T=-2—n-=2ﬂ VE.
g

s nonyyenns He3aryXxalolUX 3/E€KTPOMArHHUTHHIX KoJeGa-
HMH CAYXHT, Hanpumep, jamnobwiil reneparop (IV.2.9.1°),
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2.2, BuiHyXKaeHHBlE 3JIEKTPOMArHHTHBIE KoaeGaHud.
Hepemenuntii TokK

1°. BoitiyocOeHHolMU 3ACKMPOMALHUMHOIMU KOACOAHUAMU HA-
3BIBAIOTCS He3aTyXaiollMe KojebaHHsa 3apaja ¢, Pa3HOCTH I110-
reHnpuasoB A@ Ha OOKJaAKaxX KOHJeHcaTopa, CHJLL ToKa [ u
JPYruX QU3HYECKHX BEJHYUH B

7

KoJe0aTesbHOM KOHTYpe, BhI3- )
BaHHbIE MEPUOAUYECKH H3MEHSs- = //// -
oLLeiCsT CHHYCOMIANBHOM 3.1.C. ! —f— =B

& =&, sin v, B "

)

rae &o — aMIVIHTYJHOe 3Haye-
HHE 3.].C., ® — HUKJIHYECKas Puc. 1V.2.6

YacToTa nepeMeHHoi 3. A. ¢. Ipu
9TOM K KOHTYPY MOJBOJHMTCA 3Heprusi, KoTopas Heo6Xoiuma
IJsi BOCCTAHOBJIEHHSI ToTepb 3sHepruu B Kontype (I111.2.7.4°)
13-32 HaJIHYUS /IEKTPUYECKOr'O COMpOTHBAEHHS R.
2°. CuHyconga/ibHas 3. A. C. BO3HHKAET B paMKe, KOTOpast
BPaILAeTCA ¢ YIJIOBOA CKOPOCTRIO ® B CTAHOHAPHOM OJAHOPOJI-
HOM. MarHuTHOM noJie ¢ uHaykuueit B (puc. 1V.2.6).
Maruutueit notok @ (111.4.1.8°), nponussiBatowuit pamMky
¢ momagsio S,

@ = BS cosa = BS cos ot,

rie a=wf{ — yroJ MexAay HOPMaJbl0 n K pamKe H BeKTOPOM
MarHuTHOM MHAyKuuH B, npAMo NponopUUOHA/TLHBEIA BpeMeHH
t. [lo 3akonmy aieKkTpomarHuTHO# HHAYKuuH Dapagen
(I11.5.1.2°) 3. A. c. MHAYKUHH

__ Ao
&= YA
AD
rue AL ——CKOPOCTb H3MEHEHHS NMOTOKa MarfuTHoO#H HHAYKHHH-

I‘apmoauqecxu H3MEeHSIIOIHACA MarHUTHHH HOTOK PpUBOANT
K CHHYCOHlIaJleOﬁ 3. 4.C. HHAYKIHH

i=——_—BSmcos(mt+ )=&,sinmt.

rie &y=BS® — aMIINTyAHOe 3HaueHue 3, 1.C. HHAYKUHH
8°. [lepemennoim 3neKkmpudeckum TOKOM Ha3biBaeTCA TOK,
H3MEHSIO(HACS 110 FAPMOHHYECKOMY 3aKOHY.
[lepemenustit TOK npeacTaBader cofolt BEIHYKAEHHbBIE KOJIe-
Gauus TOKa B 3NEKTPUYECKON HENH, NPOUCKOAALLUE C YACTOTOM
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o, coBnajamlmell ¢ uwacroroil BHEYXKAalowed 3.a.c. (cp.
1V.1.8.2°:

= I, sin (0t -+ @),

rie Iy — aMNAHTYIHOe 3HaUeHHe CHJBL TOKa, § — CABHT (hasLl
MEXJY KoJIeGaHHAMH TOKA H 3.A.C.

2.3. lens nepemennore Toka. AKTHBHOE
CONPOTHRJIEHHE

1°, 1lenb nepemeHHOro ToKa B O6LIEM c/yuae TNpeACTaBJseT
co0oil KosnebaTeNbHBII KOHTYP, K KOTOPOMY NpHJIOXKEeHa BHeELI-
Haa cHHyconaanbHas 3.4.c. (puc. 1V.2.7), Ina ee ocymecrsiie-
HUSl HeOOXOJHMO TPHCOEAHHHTb KoJjefaTeNbHbIl KOHTYpP K
3aXKHMaM TeHepaTopa mepeMeHHOro Toka. B aanHON nenu mo-
MHMO BHeIIHe#l cnﬂyconaaﬂbﬂoﬁ 3. A.c. & cynecTsyer 3. 1.c.

CAMONHAYKUHH & ;5=— L— (111553") H Ha ofkjaagkax

KOH/IEHCATOPA UMEETCs1 PAa3HOCTb MNOTEHUHANOB @y—y.
2°. Tlo 3akony Owma ans uenu, conepxamed 5.4 cC.
(111.2.4.2°),

]R=8+é)[s+ Py— Py,
HIH
& =IR+(¢pi—¢))—&;s;=Ur+Uc+ Uy,

rae Ur=IR — nanpsamenne Ha aKTHBHOM 3JEKTPHYECKOM

conporuBiaenun R, Ug=¢;— cpg—————ﬂanpmxeﬂne Ha eM-

KOCTHOM CONpPOTHBJIEHUH X, UL=——£,-S=LH—Hanmee-

HH¢ HA HHAYKTHBHOM COIIPDOTHBJIEHUH X,.

Bremnsaa s.4.c. & paBHa cymMMe HanpsKeHHH Ha Tpex co-
NPOTHBJIGHHAX: AKTHBHOM R M ABYX PEAaKTHBHBIX — €MKOCTHOM
X¢ W MHOYKTHBHOM X, . :

3°. Llensto niepeMeRHOr0 TOKA € QKMUBHbLM CONPOMuUBAEHUEM
HasbiBaercs lenb, u3oGpaxennas Ha puc. 1V.2.7, B kotopoi
Ug>Uc n UR>>UL (n. 2°). B atoM cayuae

&=Ur=IR,
#JH, Ha ocHoBaHuu 1V.2.2.1°,

IR =&, sinwt.
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KoneGanua cunst JIEKTPHUYLCKOI'O TOKA IIPOHCXOIAT 11O 34KOHY

I = ‘%sin wf=1,sin uf,

rie [,=&/R — amnurynnoe 3uayeHue CHABL TOKa. B uenu
C aXTHBHLIM CONMPOTHBIEHUEM TAPMOHIYCCKHE KOMeGAUHT CHIIBE

LE
0 L
3
0o
Puc. 1V.2.7 Puc, 1V.2.8

TOKA MPOUCXOAAT ¢ yacroToét ¥ $Ha3oil KoeGanult BHeLHed cu-
Hycouanbiofl 3.4.c. {puc. 1V.2.8).

2.4. HaayKTHBHOE CONPOTHBACHHE

1°. Ilensro NepeMeHHOTO TOKA € UHOYKMUBHLIM CONPOMUBAE-
Huesm x;, HasblBaercs uenb, M3oGpaxeHHas Ha puc. IV.2.7,
B KoTopoil 3akopouen kougeHcatop (Ur-=0) u U, >Up. B
Takoll wenH KoseGaHHA CHJBI TOKA
oTCTaT No (hase Ha /2 or Ko.1eba-
Huit 3. . c. (puc. IV.2.9):

&=48&,sinot, [=I;sin(wf—mr/2).

2°. COOTHOLIEHHE MEXY AMIJH-
Ty IHBIMH 3HAYEHHSAMH CHJbI TOKa [,
H3.h.c. &

_ S _ &
[“—_La‘:’x? Puc. 1V.2.9

L&

e x;=ol — undykmuenoe conpomugserue (L — HHRYK-
THBHOCTDL Henu). [To npasuay Jlenua (I11.5.1.3°) s3.x.c.. camo-
HHAYKI{HH B UENH NPensiTcTBYyeT H3MEHEHHsM TOoKa B Helt. Ito
OPUBOJAMT K CYLUIECTBOBAHHIO HH/YKTHBHOTO CONPOTHBJEHHA
X, 32]CPKHBAIOLIEIO H3MEHEHHA TOKA B LENH [0 CPABHEHHUIO
C U3MEHEeHUAMH 3.4.C,
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2,5, EMXOCTHOE CONPOTHBAECHHE

1°. Ecan B anekTpuueckoll uenwu, usoOpaxkeHHoH Ha
puc. IV.2.7, orcyrcreyer unpykrusrocts (U;=0) 1 U>Up,
TO TaKag llenb IIEPEMEHHOrO TOKA HA3bIBAETCSA LENbIO ¢ EMKOCIM-
HbiM conpomueaeruem x.. B Takoil uenu KoneGanusa CUJBI TOKA
onepexaloT KoJebaHns BHellHed 3.4.C.
no ¢ase Ha n/2 (puc. 1V.2.10):

&=8&,sinot, [=I,sin(at-+n/2).

2°. CooTHOILEHNHE MEXAY aMIJINTYA-
HEIMH 3HaueHHAMH CHJB Toka /, u

t 5. 1c &
_ & &
Puc. 1V.2.10 ¢~ TjwC ~ x¢ '

o=V wC — emxocmnoe conpomugaerte (C — eMKOCTb KOH-
Jencaropa).

JIna NOCTOSTHHOro TOKa KOHAEHCATOp B UeNH MpeAcTaBser
coGoit GecKOHEUHO GOJIBIIOE CONPOTHBIEHHE — TOCTOSHHEIA
TOK uepe3 KOHfeHcaTop He NMPoxoxut. s nepeMEHHOro Toka
KoHAeHcaTop 06JafaeT KOHEYHBIM CONpPOTHBJIEHHEM, OOPaTHO
nponopuyoHanbHeiM ero emkoctd C. Hanpsixenwe U, Ha
o6KNajiKaX KOHAEHCATopa NOCTeNeHHO HapacTaer 1o Mepe Toro,
KaK KOHJEHCaTop 3apsiKaercs H KosjeGaHHs CHJBl TOKA B LenH
C eMKOCTBIO OnepexxaloT KosebaHus s. X.C.

2.6, 3akon Oma A 3NEKTPHHECKOH LENH
nepeMEHHOTO TOKa

1°. B uenn nepeMenHoro ToKa, H300paxKeHHOH Ha puc.
1V.2.7, KoneGanusa CUJB SJEKTPUUECKOTO TOKA H 3. I, C. TIPO-
HCXOJSAT 0 CHHYCOHAAJILHOMY 3aKOHY ¢ OJMHAKOBOH 4acToTOH
© H CIBATOM NO dase @:

I=I,sinwtf, &=4d&,sin(ot-+ ).

2°. CooTHOLUEHHE aMONUTYAHBIX 3HaueHn# CHaBl Toka [, K
9.4.¢. & B LIENH NEPEMEHHOrO TOKA:

1°= 66 __:2@?0‘

rae
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HA3bIBACTCS NOAHLIM  CONPOMUBACHUEM IENH  [EPEMEHHOro
TOKa.

3axon Oma 0Afl yenu nepeMesHo2o moKa: aMIVIUTYA CHJIBI
NepeMeHHOro TOKa IPSMO MPONOPIMOHANTbHA aMILTUTYE 3. [I. C.
H 06paTHO NPONOPHUOHANBHA TMOJHOMY CONPOTHBJEHHIO LIENH.

3akon Oma B Takoil opme CnpaBeijuB TaKKe U JJIs JeHCT-
Bylomux (3(peKTHBHBIX) 3HAYEHHA CHJBI TOKA H 3. 4. C.
(Iv.2.7.3%):

& obd

Lyp="=5

8°, CuBur da3 Mexay KoneGaHHAMH CHJIBI TOKA H 3. 1.C.
OlpeeNAieTcs COOTHOLIEHHEM

LR R
coscp=—z°§,:=7,

rge R — akTuBHOe CONMpOTHBJeHHe, Z — IOJIHOe COMpOTHBJIE-
HUe Lenu nepemMeHHoro toka (cM. takxe (m. 2°)).

2.7. MouHOCTL TepeMeHHOTO ToKa, JleficTByouHe
SHAYEHHUA CHJIbI TOKA M HAMPSIKEHHS

1°. B uend ¢ akKTHBHEIM COITPOTHBJICHHEM NPOUCXOAUT HEoG-
patuMoe MpeobpasoBaHHe IHEPTHH 3/IEKTPHYECKOTO TOKA BO
BHYTPEHHIOW 3HEPTUIO NPOBOJHHKA — BLIAGMACTCS AKOYJIEBO
tenao (111.2.7.4°). ;

Menogennas mouyHocms nepeMeHHOr0 TOKA, T. €. MOIHOCTD
ero B HEKOTOPBIii MOMEHT BPeMEHH {, onpeie/ifieTcs NpousBese-
HHeM MTHOBEHHBIX 3HaueHHH cuJibl Toka [ H3. A. ¢. & (npu ycno-
BHH, 4TO cABUT (a3 MEXIYy HUMH OTCYTCTBYeT):

P=1I§ =IRsin*ot=P;sin*of,

rae Po=I3R ecTb aMIJUTyAHOE 3HAYCHHE MOLIHOCTH.

2°, Cpedneil mowHocmeo P nepeMeHHOrO TOKa HA3bIBAETCA
OTHECEHHAs K eHHHIE BpeMeHH paGora A, coBepuleHHas nepe-
MeHHBIM TOKOM 3a Bpemsi T', rie T — nepuoj MepeMeHHOro
TOKa:

5 A 1 T
P=g=5P=75IR

3. [Hedicmeyroujumu  (3¢hpekmusnoimy) SHAUCHHSAMH CHJIBI
ToKa (1,44), 9AEKTPOABIKYLIEH CHIBL (&,43) H HANPAKEHHSA
nepemenHoro toka (Ugqg) HA3BIBAIOTCA 3HAYCHHUA 3THX BEJH-
YUH 1A TAKOTO NOCTOSIHHOFO TOKA, KOTOPBIA Ha TOM K& aKTHB-
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HOM CONPOTHBJEHHH BHAENfICT MOINHOCTb, OJHHAKOBYIO CO
cpefiHeil MOIHOCTBIO P nepeMeHHOro ToKa:

] S Uy
[Sdiﬂ):—v—-i—i;s évatbc]J:ng%" Uamfb:ﬁ1

rae I, &0 v Uy — aMIIBTYIHEIE 3HAUEHHS CHJIBI TOKA, 3. X. C.
W HanpsIKeHHs.

4°, AKmugHOl MOUHOCMObI0 TIEPEMEHHOTO TOKa P, HasbiBa-
eTcsl CpefHsas MOIHOCTh Heo6paTHMBbIX Npeofna3cBaBUi 3HEp-
FHH B LENH NEPeMEHHOro ToKa:

Py=1,446 299 COS @,
rie g4 ¥ Espp — HEACTBYIOUWME 3HAYEHUA CHJBL TOKA M
R
9. A. C. IEPEMEHHOro TOKa, COS cp=—Z-—Koacp4)uqueum MOUHO-

¢mu, KOTOpHIH onpenensiercs capurom a3 Mexay koaebanus-
MM TOKa # 3.1.¢c. (1V.2.6.3°).

[Tpu manom KosdpuilHEeHTe MOLIHOCTH Harpy3Ka norpedaser
OT FeHepaTopa Majylo aKTHBHYIO MOIHOCTD, T. €. JIHILb MaJyIo
4acTh MOUIHOCTH, KOTOPYIo BeipabarsiBaeT reHeparop. Ocranb-
Bas yacTb MOIHOCTH, BeIpabaThiBaeMOH TreHepaTOpOM, NEpHO-
JIMYECKH nepekayyBaeTcs OT reHepatopa K norpeburemo U 06«
paTHO B pacceuBaeTcd B JWHUAX 3JIEKTpomepenad.

2,8, Pe3onanc B Lieny nepeMEHHOro ToKa

1°. AMnawrtyna cuiibl ToKa [, B 1end MepeMeHHOTo TOKa
JocturaeT HaHOOMBLIETO 3HAYEHHs [y e TPH HAUMEHbIEM
3HAYEHUW TOJHOro conporusienus Z nenu (1V.2.6.2°), 1. e.
NpH YCJIOBHH

1
L(O—ZTO- =0.

Ilukanueckas vacTora o KoneGaHHil CHJIBI TOKAa W 3.1.C. NpH

STOM paBHa
_ 1/ i
0= ic

H COBNanaeT ¢ UMKJAHYECKOH 9acToTOH CBOGOAHEIX He3aTyxawo-
HIMX SJEKTPOMArHUTHLIX KoJieGaHHi B 3/1IEKTPHUECKOM KOHType
(1V.2.1.6°.

2°. ﬂBne}me PE3KOro BO3pacTaHua aMmJIHTY bl BHIHYXKIEH-
HBIX KOJIeOaHMH CHJIBL TOKa B KoJe0aTeqbHOM KOHType MHpH
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NPUGAYKEHAN HM